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Abstract 
Crime scene photography plays a fundamental role in forensic investigations. The primary 
purpose of crime scene photography is the recording of the entire crime scene, both the context 
and specific details relevant to the scene, for later recollection and analysis.  
A major limitation of current approaches to crime scene photography is that it can be difficult 
to photographically document a given area of a scene in its wider context, whilst 
simultaneously capturing high-resolution visual information of macroscopic details. Context 
and detail are both important considerations to investigators as these factors support a general 
understanding of the events that occurred, whilst also allowing for a more comprehensive 
analysis of scene elements or phenomena. Blood spatter analysis is a prime example where the 
recording of context and detail is essential, and this can only currently be achieved by capturing 
two series of images. One series consists of a number of overview photographs that serve to 
provide context, whilst the second series of photographs involves the recording of blood spatter 
with sufficient resolution to observe the details of individual stains. Even when using this two-
step approach, it is too time-consuming and impractical to manually document a large crime 
scene area containing blood spatter in a suitable manner to support the reliable remote 
examination of the stain pattern solely from images.  
The aim of this research was to design and verify a new, rapid and easy to use method for the 
recording of blood spatter at crime scenes to support the off-site determination of area of origin 
and/or other visually-based interpretive processes. This research determined the optimum 
operating conditions required for the successful high-resolution photographic documentation 
of blood spatter. This entailed creating a single panoramic image from a set of images, captured 
automatically without user input, in which both detail and context are provided as required for 
ex situ blood spatter analysis. The development of this research method was based on the 
GigaPan® system, a robotised tripod-mounted hardware platform designed to interface with a 
digital camera and automate the panoramic image capture process.  
The GigaPan® system was employed to capture a series of high-resolution images of various 
test targets to assist the investigation and evaluation of a range of hardware and software 
parameters that played a role in the creation of forensically useful panoramic images of blood 
spatter patterns. Investigated parameters included GigaPan® hardware settings, digital image 
stitching software selection, subject to camera distance, picture overlap percentage, picture 
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order setting and enhancement processes for improving the dimensional integrity of 
panoramas.  
Once optimal parameters had been determined the effectiveness of the method was evaluated. 
This was carried out by establishing the accuracy with which area of origin calculations could 
be conducted from the established panoramic blood spatter images.  
The results of this research demonstrate that the developed method can be employed to 
effectively capture a panoramic image of a scene containing blood spatter in which enough 
detail is present to conduct off-site area of origin determination of blood spatter. This method 
might allow blood spatter pattern experts to process spatter information off-site, resulting in a 
more streamlined investigative process.  
 
 
  
  
 1 
 
 
 
 
 
 
 
 
 
Chapter 1:  
Introduction and Literature 
Review 
 
 
 
 
 
 
 2 
 
1.1 Introduction  
The practice of forensic photography is one of many processes involved in the investigation of 
a crime scene. Forensic photography plays a significant role in obtaining a comprehensive and 
accurate record of any physical evidence present (Duncan 2015; Robinson & Richard 2010). 
In order to connect a crime scene, with individual pieces of evidence and the analysis of said 
evidence it is essential to create a thorough and organised documentation of the scene and its 
evidence. The visual representation of these elements assists in the communication of the often 
complex details of the evidence or crime scene effectively to triers of fact (Warrington 2015). 
One limitation associated with current forensic crime scene and evidence photography practice 
is that it is not possible to provide both a high level of evidence detail and general scene context 
in a single image. Instead, a series of images are required to capture a scene in which the 
captured evidence can be observed in detail as well as providing context of the location of the 
evidence within the scene. This means that a forensic photographer needs to spend a significant 
amount of time critically evaluating a scene and capturing a volume of images to ensure that 
sufficient visual information is recorded to support any investigation. 
 
This issue associated with capturing both detail and context is of particular importance in the 
area of blood spatter analysis (BPA), specifically impact patterns, due to the small size of the 
bloodstains produced in these cases. In standard crime scene photography, the individual blood 
droplets that form the spatter would be independently photographed with the use of macro 
photography. Macro photography provides the blood spatter analysts detailed images of the 
spatter however all context is eliminated from the images. Mid-range and overview pictures of 
the scene are therefore a requirement to provide context, however, due to the distance at which 
these images are taken, little to no fine detail is recorded in these images. At the end of this 
process, a multitude of individual images of the spatter are obtained. A large number of 
individual images could have the potential to make the analysis of evidence more difficult and 
time-consuming process. It is therefore essential that better approaches in crime scene 
photography for BPA be established. With the current advancements in photography, 
panoramic imaging may be the solution to this issue.  
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1.2 History of Forensic Imaging 
The art of photography itself can be documented as far back as 470-390 B.C. to the times of 
Chinese Philosopher Mo-Ti, who explained the principals behind the ancestor of the modern 
day camera; the Camera Obscura (SWGIT 2009). The Camera Obscura marks the beginning 
of the first pinhole camera, which was developed by early scientists as a way of observing and 
sketching their surrounding environment (Sanders 2010). The Camera Obscura consisted of a 
darkened chamber in which a small hole/aperture is created to allow through light. The light 
then projects an inverted image of the outside world onto the opposite wall within the chamber. 
Photography has remained a key aspect of forensic investigations since the 19th century, seen 
as a way in which ‘memories' of a scene can be captured (Milliet et al. 2014). The earliest 
record of photographic documentation being employed in a criminal setting dates back to 1843 
in Belgium, where prison inmates were photographed in their cells as a means of 
documentation. With no training or regulations in place, these images were of low quality and 
usually taken by amateur photographers, or by the police officers themselves (Sanders 2010). 
It was not until Bertillon, a French photographer, developed a systematic approach for 
documenting inmates, that the standard, and now universal, mugshot was created. Bertillon 
was also responsible for developing the first methodological approach to photographing a scene 
of crime. This development in crime scene photography allowed individuals, who were not 
experts in the field of criminal investigation, an insight into illegal activities. Prior to this, only 
the investigators or personnel present at the crime scene would have a developed understanding 
of events that occurred (Margot 2011; Blitzer & Jacobia 2002).  
In 1851, the first piece of photographic evidence was presented and admitted in a court of law, 
establishing a pathway for forensic photography in legal procedures. While the United States 
Supreme Court did not rule on the admissibility of photographic evidence in a court proceeding 
until 1859, by the 1870s forensic photography had become a critical component of many 
criminal investigations and has continued to progress ever since (Rohatgi & Kapoor 2014). 
The accurate and complete photographic documentation of a crime scene is now the foundation 
of any criminal investigation. The accurate photographic recording of evidence can assist in 
bridging the gap between individual pieces of evidence and the processing of the crime as a 
whole (Mancini & Sidoriak 2017). Photographs captured at a scene of crime aim to aid in the 
understanding of spatial relationships between key pieces of evidence, for both forensic 
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investigators and juries in a legal setting (Blitzer & Jacobia 2002). The photographic 
documentation of a scene also aids in preserving minuscule details present in the scene and 
placing these details within the context of the investigation as a whole (Blitzer et al. 2010).  
As stated by Duncan (2015) a common recurring error in the photographic recording of a crime 
scene is in relation to the possibility that the investigator may develop tunnel vision. Tunnel 
vision can occur in the photographic documentation of evidence when an investigator limits 
the recording of images to what they deem of most importance, resulting in an insignificant 
amount of data being recorded of a scene. The presence of tunnel vision can therefore, make 
the process of connecting individual pieces of evidence with the overall crime scene extremely 
difficult (Duncan 2015). In many cases, small pieces of evidence present in images may at first 
be deemed unimportant, but often potentially prove to be critical to the investigation, and 
therefore all evidence must be considered equally significant and thoroughly photographed 
(Blitzer & Jacobia 2002).  
Throughout the progression of imaging technology, photographers have seen the discovery of 
chemical photographic processes in the 19th century, to the use of consumer friendly analogue 
and digital cameras in contemporary times. In the past couple of decades, innovations in 
technology have proven to be significantly beneficial in relation to the development of forensic 
imaging. 
The transfer from analogue to digital imaging technologies has proven to be extremely 
valuable, as digital images can be readily stored, transferred and exported to image processing 
applications (Blitzer & Jacobia 2002). The shift to digital imaging technologies has also had a 
significant effect on forensic photography as a profession (Mancini & Sidoriak 2017) however, 
it is crucial to have the ability to differentiate between what can be done digitally and what is 
appropriate in a forensic context (Blitzer & Jacobia 2002).  
While forensic images are an essential means of documenting a crime scene, photographs are 
also crucial throughout all aspects of an investigation (Russ 2015) and can be used to analyse 
and compare evidence such as fingerprint impressions and handwriting characteristics (Milliet 
et al. 2014). Current innovations in technology see new tools continuously being improved and 
created and these innovations, such as panoramic imaging, are becoming more generally 
accepted in the field of forensic science. 
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1.3 Panoramic Imaging 
Over the past 15 years, a visible advancement in the use of panoramic imaging in our everyday 
lives has been observed. This is due to the development of technologies and equipment that 
support modern panoramic imaging such as cameras and computers growing more affordable 
and easily accessible to the general public. With these continual adaptations, the use of 
panoramic imaging is becoming more and more widely used in photography as its use is no 
longer limited to specialists or those who have access to specialised equipment (Gledhill et al. 
2003). A panoramic image consists of a wide field of view in which the information of the 
environment surrounding the camera is captured in a number of individual images. The 
individual captured images are then stitched together to create one large composite image or 
panorama. The number of images required to obtain a panorama can vary drastically depending 
on the specific lens being employed as well as the magnitude of the area being photographed. 
Digital photographs nowadays are capable of collecting vast amounts of data from a scene; this 
is due to the high-resolution sensors that are present in modern digital cameras (Gledhill et al. 
2003). As a panorama is made up of multiple images it consequently, contains more 
information than that obtained in a single image or photograph (refer to Figure 1.1 for an 
example of image stitching) (Huang, Klette & Scheibe 2008). 
With this new ability to photographically capture more of our surroundings, panoramas have 
become a part of our everyday lives. This is mainly due to the simplicity surrounding their 
application as well as the lack of expensive equipment required to capture these images (Huang, 
Klette & Scheibe 2008). Panoramic imaging has managed to make its way into a variety of 
different disciplines with a number of different applications including, surveillance, virtual 
reality and cybernetics (Gledhill et al. 2003). 
As panoramic imaging evolves, the number of ways in which one can take a panoramic image 
is ever changing. Traditionally panoramic images were created by stitching together analogue 
film or digital images that had been cut and pasted from different images collected from the 
scene. This technique had massive flaws as each of the single images had been in many cases 
subjected to varying levels of exposure or magnification making the blending and stitching of 
the images a problematic task ultimately resulting in poorly executed panoramas (Marsh 2014). 
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Figure 1.1: Example of image stitching.  
(A) example of individual source images photographed with overlapping regions, before stitching. (B) Example 
result of combining images using image stitching software to create a panoramic image. 
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Panoramas are now more commonly created with the use of a single camera mounted on a 
tripod; the camera is then rotated around its optical centre while capturing several images which 
are later combined. Other methods of obtaining panoramic images include the use of an 
omnidirectional camera, multiple cameras facing in different directions or a stereo panoramic 
camera (Gledhill et al. 2003). These methods allow for more seamless stitching of images 
ultimately resulting in the creation of panoramic images in which a more accurate 
representation of the situation are visualised (Marsh 2014).  
 
1.4 GigaPan®  
The GigaPan® company provides a commercially available technology comprised of both 
hardware and software capable of producing a navigable panorama. These panoramas are 
composed of multiple overlapping images, each containing billions of pixels, providing an 
image that contains large volumes of data. The hardware technology is an automated robotic 
system that attaches to a camera and tripod through the use of standard tripod threads, and is 
compatible with a number of different camera makes and models. Once the GigaPan® imaging 
system (simply referred to as ‘GigaPan®’ from this point forward) has been set-up and the 
camera mounted, the robotic system positions the camera to frame individual images across 
the selected area and employs a remote release to initiate the camera and capture multiple 
overlapping photos. The technology’s software consists of proprietary GigaPan® stitching 
algorithms that are responsible for seamlessly combining source images into one large 
panoramic image, with an overall resolution approximately equivalent to the resolution of each 
individual image (Bertone et al. 2012). 
‘GigaPan®’ is a product manufactured by GigaPan® Systems and was founded in 2008 by a 
team of researchers positioned at NASA and Carnegie Mellon University (gigapan.com). The 
GigaPan® was first created as a spin-off of the PanCam technology installed on the Mars 
Exploration Rover, Spirit and Opportunity, as well as being employed by NASA as a means of 
obtaining a high-resolution image of the Martian surface (Nourbakhsh 2010).  
The conception of the GigaPan® system began shortly after the January 2004 Mars Exploration 
Landings had taken place. Randy Sargent, a member of NASA's Ames Intelligent Robotics 
Group, was astonished by how PanCam technology was able to create high-resolution 
immersive panoramas that allowed the viewer to observe geologic samples on the Martian 
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surface as if they were there physically. From here stemmed the idea of creating a simple, 
accessible and inexpensive device that would produce high-resolution images, with an ultimate 
goal of creating a platform where scientists and the general public could document and share 
their findings (Nourbakhsh 2010). The GigaPan® company has provided experienced and 
novice photographers with the equipment and technology to create high-resolution panoramic 
images with very little difficulty. GigaPan® have created technology that allows for the creation 
of what’s been termed ‘gigapixel’ panoramas, where a substantial amount of detail is captured 
in the context of a single panoramic image. 
The images captured have the potential to remain extremely high-resolution as there is no limit 
to the number of photographs that can be stitched together. As the panoramic image is 
comprised of stitched high-resolution images, it remains possible to zoom in on the image and 
view close-up details. This would not be possible using a single image of the same area, as the 
minimal resolution causes the image to become pixelated or blurry when magnified. The level 
of detail achievable with GigaPan® could prove to be of great significance in aiding the 
recording of forensic evidence that requires fine detail but also greater context such as the 
analysis of blood spatter at crime scenes.  
 
1.5  Digital Image Stitching  
 
Image stitching has become increasingly popular due to its various everyday applications and 
for its scientific implications. The process of image stitching involves combining two or more 
images as a means of acquiring a wider field of view while still retaining as much information 
as possible from a scene (Kaur & Kaur 2017). Traditionally, two or more images were carefully 
aligned next to each other and manually combined to create a large image. This technique was 
not without its limitations and lens distortion or an off-balance of colour and density between 
the developed images was a common occurrence. These limitations ultimately made the 
stitching process precarious and, in some cases, unreliable (Reis 2007).  
Due to advancements in digital technology, digital image editing tools have become widely 
accessible. These advancements have made the process of image stitching a much more 
practical and reliable task. Digital image stitching involves combining one or more digital 
images with the use of an image editing software tool such as Adobe® Photoshop® (Reis 2007). 
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As a result, more innovative and advanced processing techniques are continually being 
developed to keep up with the increasing amount of data being constructed (Summa et al. 
2012).  
Similar to the traditional, manual form of image stitching, the process of digital image stitching 
aims to combine two or more images in order to create a large composite image or panorama. 
The process of digital image stitching involves aligning, blending and stitching together 
multiple digital images that contain overlapping regions resulting in a single high-resolution 
image using sophisticated algorithms (Ma et al. 2007).  
The first step of the process, the alignment or recognition phase, involves comparing segments 
of the overlapping images to locate key reference points between images. A computer 
algorithm locates matching features between input images. In some instances, depending on 
the subject, this process may be more complicated as some reference points may appear to be 
similar to others, causing inconsistencies in the stitching process. The software calculates 
which images contain the most matches and subsequently connects these images (Brown & 
Lowe 2007).  
Once the overlapping images have been aligned, they are merged so that the boundaries 
between adjoining images are visibly seamless, while maintaining the high-quality of the 
source images (Chen & Klette 1998; Kaur & Kaur 2017). Blending plays an essential role in 
producing a seamless final image by reducing exposure differences, radial distortion, 
misalignment of images or vignetting between adjacent images. This high-resolution 
composite image is the final product and is labelled a panorama (Jahanshahi et al. 2011). If the 
source images have not been taking from the same viewpoint or a planar scene, the resulting 
automated panorama may contain artefacts such as misalignments in the stitching process 
(Zhang & Liu 2014). In some cases, the blending process can reduce the appearance of artefacts 
so that at first glance the panorama appears to be in perfect condition, but upon closer 
inspection the misalignments or breaks in the stitching are still present in the final panoramic 
image (Gao et al. 2011). One must remain aware of this in order to develop an accurate 
panorama. The limitations associated with panoramic imaging suggest that the optimisation of 
the parameters surrounding panoramic imaging, involved in both the capturing and stitching 
processes, would be essential in order to improve the dimensional integrity of the resulting 
images.  
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1.6  Blood Spatter Analysis  
 Blood and its Properties 
Blood is a specialised fluid, composed of blood cells and plasma, found throughout the human 
body’s circulatory system. One of the characteristics of blood is that it has no particular shape 
of its own, rather it changes shape according to its surroundings and the forces to which it has 
been subjected (Wonder 2001). Unlike water blood is not a Newtonian fluid; this means that 
the viscosity of blood will vary depending on its flow conditions. This property can make the 
analysis of blood spatter a difficult task as variances in flow can alter the shape of the deposited 
blood droplets (Attinger 2013).  
The formation of blood spatter remains a complex and diverse event that may be influenced by 
numerous contributing factors. Physical components must be considered in order to accurately 
interpret and understand blood spatter (Reynolds et al. 2009). During the creation of the spatter, 
blood is subjected to a number of physical aspects that influence the morphological 
characteristics of the spatter. These aspects include weight, size, viscosity and surface tension 
of the blood itself as well as speed, forces of gravity, directionality, air resistance and the 
texture of the surface the blood impacted against (Peschel et al. 2011; Reynolds et al. 2009). 
The viscosity of blood is a measure of the resistance of blood to flow, otherwise known as the 
thickness of blood. The cohesive forces present between molecules provides blood with an 
elastic-like characteristic that allows it to contract and adopt the smallest shape possible for its 
size, also known as surface tension. A droplet of blood will acquire the shape of a sphere if it 
has not been subjected to any additional forces when in flight (Peschel et al. 2011).  
 
 Blood at Crime Scenes 
The bloodstains present at a crime scene in cases of homicide or criminal assault are of critical 
importance for both the investigation and for the reconstruction of the scene, as they provide 
investigators with the approximate source location of the bloodshed (Buck et al. 2011). Blood 
can be present at a crime scene in a number of different arrangements, including pooling, 
impact patterns, smear marks and transfer patterns (James et al. 2005).  
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Three categories can be used to differentiate bloodstains based on their geometrical 
characteristics. These include passive drops, projected bloodstains and transfer/contact stains. 
Passive drop, also known as bleeding, can exist in the form of blood drops or as a flow pattern 
and is produced when gravity is the only force acting on the blood. Projected bloodstains occur 
when a pool or source of blood is subjected to a force more significant than the force of gravity, 
such as cast-off spatter, impact patterns or arterial spurting patterns (Wonder 2007). The 
morphology and distribution of blood spatter contains essential information concerning the 
nature of the wound from which the blood spatter originated, as well as the chain of events that 
led to that particular bloodshed (Gardner & Bevel 2009). 
While a number of different types of bloodstain patterns can be distinguished at a crime scene, 
impact patterns are often of particular interest in criminal cases. Impact patterns leave behind 
an arrangement of small individual blood droplets in a radiating pattern, usually resulting from 
the collision of an object with liquid blood which disperses the blood away from the area of 
origin (De Bruin et al. 2011). Impact patterns can be a complex bloodstain pattern to analyse, 
with the dispersion of blood droplets numbering from hundreds to thousands (Hill 2007). The 
blood droplets that come into contact with a surface then form stains which often possess an 
elliptical profile with an elongated tail, that can be used to determine directionality. 
An overview of all bloodshed in its entirety at a crime scene provides a significant amount of 
detail that can be used to interpret the events that caused or resulted from this bloodshed. One 
of the critical aspects that need to be considered when observing blood spatter includes detail 
about the order of disposition, for example, whether or not stains may be overlaying other stains 
or patterns, the location in which pools of blood have collected, and the presence of areas where 
spatter may have been obstructed by an object that is no longer present (James et al. 2005).  
In order for bloodstain interpretations to be carried out reliably, it is crucial that the expert has 
experience and knowledge of the varying types of stains and distributions which may be 
produced by various injuries and tools (Karger et al. 2008). 
 
 Bloodstain Pattern Analysis 
Blood spatter examinations date back to 1895, with a prominent doctor, Piotrowski being the 
first to examine and document the shape and distribution of bloodstains. Not until ten years 
later did Schmidtmann consider how the morphological analysis of blood could assist in crime 
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scene reconstructions. Interest in bloodstain analysis began to steadily increase and in 1914 
Ziehmke attempted to understand and observe the variances in the morphological appearance 
of blood patterns, conditional to the height from which they fell. In 1939, breakthrough findings 
were published by Balthazard and his colleagues, surrounding the reconstruction of the area of 
impact based on measurements taken of the width and length of individual bloodstains (Peschel 
et al. 2011). After almost 70 years, this assessment of the estimated location of the area of 
origin (AO) is still one of the key aspects associated with bloodstain pattern analysis (Connolly 
et al. 2012). Area of origin refers to the space in three dimensions to which the trajectories of 
spatter can be utilised in order to define the location of the event that caused the spatter (AAFS 
Standards Board 2017). The traditional method employed for locating the area of origin of 
blood spatter in a three-dimensional space is known as stringing (Refer to Figure 1.2), (Behrooz 
et al. 2011). The first step of this method is to carefully select which blood droplets will provide 
the most accurate results for AO calculations. Preferentially, larger elliptical stains are selected 
(Lee & Liscio 2015). The direction of impact is then reconstructed by affixing strings to the 
long axis of the selected stains and pulling them away from the surface at the approximate 
direction of impact. The angle of the selected bloodstains is determined by examining the 
relationship between the width and the length of the elliptical stains and employing a 
mathematical equation. An approximation of the location where the blood was shed can then 
be determined by finding the area where the majority of the attached strings intersect (refer to 
Figure 1.2) (Buck et al. 2011; Rowe 2006).  
The main objective of BPA is to determine the time, nature and location of the events that 
caused the bloodshed. When dealing with impact patterns the BPA experts’ job is to calculate, 
through directional analysis, the estimated flight path of several bloodstains. This is achieved 
by approximating their impact and tangential angles, subsequently leading to the calculation of 
the area of origin (AO) of the bloodstains in question (Joris et al. 2015). Therefore, spatial 
distribution plays an important role when BPA experts are attempting to determine the ‘where’ 
factor of the bloodshed. The determined AO is then analysed in order to position the 
victim/suspect within the crime scene as well as provide information on the approximate height 
and position of the blow as well as offer indications to whether the wound was offensive or 
defensive (Lee & Liscio 2015). In most cases investigators are attempting to determine whether 
victims and/or suspects were standing, kneeling or lying down. It is therefore essential that 
accurate estimations of location be conducted (Connolly et al. 2012). The AO can also be used 
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to confirm or refute statements given by those who were involved in or witnessed a crime 
(Dutelle 2017). 
 
 
Figure 1.2: Diagram representing the stringing method used for determining the area of origin (AO) of an 
impact pattern. The approximate AO is highlighted by the red circle. 
In cases where repeated trauma has taken place investigators are often confronted with 
establishing a chain of events of each blow. An optimum chain of events includes an 
approximation of the number of blows that caused the bloodshed as along with the three-
dimensional positioning of both the suspect and the victim at each assault (Kettner et al. 2015) 
As the conclusions drawn from the analysis of blood spatter have the potential to eliminate or 
implicate suspects in criminal investigations, it is crucial that analysts with expertise in BPA 
acquire a strong understanding of blood spatter stain dynamics and remain aware of the correct 
selection criteria that yield the most reliable results for various types of analyses (De Bruin et 
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al. 2011). It also remains essential that analysts be familiar with the degree of error associated 
with the measurements taken from bloodstain patterns (Connolly et al. 2012).  
The application of blood spatter analysis alongside physical evidence and deductive reasoning 
of their interrelationships are the main factors associated with acquiring definitive knowledge 
surrounding the series of events that transpired at a scene of crime (Peschel et al. 2011). 
 
 Limitations of Stringing  
While the stringing technique has been successfully employed to assist with blood spatter 
analysis across countless crime scenes over a number of decades, there are a number of 
practical shortcomings associated with the method. One of the major downfalls of the technique 
is that it assumes that blood is distributed through the air in a linear trajectory, failing to 
acknowledge the potential path the blood droplets are subjected to by both gravitational force 
and air resistance (Lee & Liscio 2015). Stringing is also a strenuous, time-consuming procedure 
that requires training and expertise and with the application of strings to a crime scene, there 
remains a constant risk of contamination or destruction of surrounding evidence. Furthermore, 
as crime scenes do not remain permanent, if the stringing is not undertaken correctly in the first 
attempt it is unlikely BPA experts will be able to return to the scene of crime to conduct another 
analysis (Joris et al. 2015).  
As a result of these shortcomings, innovative research has been undertaken to improve this 
technique with the use of computer programs and has aided in the development of a technique 
known as virtual stringing. Virtual stringing works on the same principles as traditional 
stringing, only the information is transferred and stored electronically on a computer (Buck et 
al. 2011). With this technology, blood spatter experts are given the ability to measure stains 
and calculate their corresponding angles off-site (location other than the crime scene itself). 
Virtual stringing software is programmed to use the collected photographic data to calculate 
the area of origin and display a visualisation in a three-dimensional space (Joris et al. 2015). A 
number of benefits are associated with this innovative virtual stringing technique, particularly 
in relation to time-reduction when conducting the analysis, as well as with lowering the amount 
of BPA personnel required at a scene. Ultimately, these benefits then reduce the risk of 
destroying or contaminating any evidence present at the scene and successfully increase the 
productivity and efficiency of analysing blood spatter (Lee & Liscio 2015).  
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Nevertheless, the virtual stringing technique is not without its own weaknesses and one of the 
main issues associated with the technique is its inability to improve on the traditional 
stringing’s issue of a failure to consider air resistance of gravity when calculating AO (Lee et 
al. 2015). Although BPA experts are no longer required on every scene, each of the selected 
stains at a crime scene must be triangulated to a reference point and photographically 
documented in a way that provides the analyst with enough information to accurately conduct 
their analysis (Joris et al. 2015). The investigator in charge of collecting the essential data from 
the bloodstain patterns still has a challenging and time-consuming task that, if not undertaken 
correctly, can influence the analyst’s results.  
 
 Documentation and Preservation of BPA  
In some forensic cases, an expert in blood spatter pattern analysis may be required to pass 
judgement on bloodstains based solely on images taken from the scene of crime. As this is the 
case, when photographically documenting bloodstain patterns for analysis, as explained earlier 
in section 1.2, it is critical that a complete documentation of a crime scene is obtained, along 
with the registering of single evidence objects such as bloodstains, captured as high-resolution 
images (Hill 2007). It is important that these individual blood stain images are taken in high-
resolution, regardless of how simple the scene may appear, as the blood spatter experts require 
precise, clear and to-scale measurements of bloodstains in order to analyse them. If the level 
of detail in these images is of low quality, this could corrupt the results of the bloodstain 
measurements (Hotowko et al. 2016). In order to successfully examine bloodstain patterns, a 
series of features need to be included as part of the documentation of such evidence. Critical 
features include the size of the stain patterns taken as a whole, as well as the size of each 
individual stain, the location of the bloodstains, the overall shape of the bloodstains and 
complete distribution of the stains (James et al. 2005). The photographs taken for the 
documentation of the crime scene must accurately depict the spatial distribution of evidence in 
relation to the actual distribution of evidence found at the scene of crime. If there are 
distinctions/disparities between the factual location of the stain at the scene and the 
photographic evidence, this can have a negative impact on determining the area of origin 
calculations (Duncan 2015).  
 16 
 
Duncan (2015) communicates that often the documentation of bloodstain patterns is restricted 
by the incomplete documentation of events, poor lighting, and most significantly, a lack of 
perspective in relation to the scene as a whole. This has led to the compulsory requirement of 
several procedures being employed to ensure the photographic documentation of a scene is 
recorded as accurately and efficiently as possible (Peschel et al. 2011). These are: 
➢ A linear scale must be present in all images;  
➢ A fixed object or reference point should be documented; 
➢ The area in question must be well illuminated, avoid shadowing of objects;  
➢ An overview of the scene as well as detailed images of evidence is necessary;  
➢ When possible, the camera should always be positioned parallel to the object/area being 
photographed. 
With an awareness and understanding of the drawbacks and difficulties associated with the 
accurate documentation of bloodstains, investigators and forensic photographers are able to 
produce increasingly reliable results that assist in BPA calculation as well as provide strong 
evidence that will hold up in a court of law (Duncan 2015). 
The primary criticism blood spatter experts have in relation to the documentation of a crime 
scene remains the investigator’s and photographer’s lack of thoroughness. The criticism lies 
with the photographer’s inability to take a completely holistic approach when documenting a 
scene. Each of the particular stain patterns must be photographed individually so that the 
pattern itself can be oriented within the scene as well as allowing for accurate AO calculations 
to be conducted (Duncan 2015). As mentioned previously in section 1.2 it remains essential 
that the individual responsible for documenting the scene avoids tunnel vision. This is of 
particular importance in cases containing blood spatter as the value of bloodstains and their 
patterns diminishes if they cannot be placed in context with the scene and as well as in context 
with pieces of evidence. In an attempt to limit these occurrences, overview shots of the blood 
spatter alongside a reference point should be first photographed to avoid contextual issues, 
followed by close-up, detailed images of individual bloodstains. It is crucial that the camera 
lens remains perpendicular to the bloodstains at all times, in order to limit the possibility of 
perspective distortion corrupting the images. A highly-detailed documentation of a scene 
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remains the most successful way to assist the experts in their analysis of the bloodstain patterns 
and ultimately leads to a more accurate investigation (Duncan 2015).  
This research aims to address, with the use of GigaPan® imaging, some of the shortcoming 
associated with forensic photography for recording areas of scenes containing blood spatter 
that require photographic detail and spatial context. Through the creation of a complete 
photographic recording of evidence, gigapixel imaging can assist in bridging the gap between 
investigating a scene and the analysis of evidence within the scene. GigaPan® panoramic 
images may also aid in reducing the time and resources spent by personnel such as blood spatter 
analysis experts, by providing a representation and overview of evidence such as, blood spatter 
ultimately assisting in the reconstruction of a crime scene and enabling off-site analysis of 
spatter.  
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1.7  Project Aims and Significance  
This research aims to employ GigaPan® imaging, a state-of-the-art, high-resolution digital 
panoramic image capturing system, to enhance current crime scene documentation capabilities. 
Some of the potential benefits of using GigaPan® will be investigated. These are predicted to 
include: increased speed and efficiency of visual data gathering from scenes, enhanced capacity 
to preserve evidence for later analysis and an improved ability to support the effective 
presentation and communication of complex evidence in courts.  
The GigaPan® imaging system is an automated platform that if adequately adapted, is likely to 
provide solutions to some of the complexities and challenges that must be overcome when 
recording crime scenes as discussed in section 1.5.1. The use of GigaPan® imaging is expected 
to result in a significant reduction in the time and resources investigators spend 
photographically documenting a scene. While manual crime scene photography practices can 
be tedious and labour intensive, the GigaPan® system can be set-up and directed to digitally 
record the required area in extraordinary detail in a matter of minutes.  
With reference to the documentation of blood spatter specifically, GigaPan® technology could 
allow for the detailed macroscopic representation of blood spatter particles while also 
providing the ability to view the larger blood spatter pattern in the context of the scene from a 
single digital image. Traditionally, blood spatter experts have been required on scene in order 
to collect this information themselves as the incomplete documentation of blood spatter can 
make it infeasible to perform a number of analytical tasks such as the calculation of the area of 
origin (Boonkhong et al. 2010). Alternatively, with the use of GigaPan® imaging a BPA expert 
may no longer be required on scene. An outcome of this project will therefore be the creation 
of protocols to allow GigaPan® images to be produced that can reliably support off-site analysis 
saving time, resources and extending the capacity to support the remote examination of scenes. 
This will allow personnel untrained in BPA to document the scene with enough detail and 
context that a specialist has the ability to examine and analyse blood spatter without stepping 
foot in the crime scene.  
Although GigaPan® imaging has the potential to assist in the recording of all aspects of a crime 
scene, this research will focus specifically on the employment of the GigaPan® system for the 
BPA analysis of impact patterns located on large flat vertical surfaces, such as walls. 
Ultimately, if the GigaPan® can be successfully applied, it will allow for blood spatter analysts 
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to conduct off-site examinations of blood patterns, including area of origin determinations. 
Consequently, GigaPan® would have the potential to better the visualisation of evidence in a 
court of law by displaying evidence in a format that supports the seamless transition between 
detail and broader context. This could allow the court to overview complex visual evidence 
such as blood spatter, without losing perspective of the overall circumstances of the scene. 
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1.8 Research Questions & Objectives 
The primary research questions that this thesis examined was:  
➢ Is GigaPan® technology capable of recording a crime scene surface containing an 
impact pattern, with a sufficient level of information suitable for simultaneously 
supporting area of origin calculations and overall pattern interpretation? 
 
➢ What are the optimum conditions for documenting bloodstains with the use of an 
automated panoramic imaging system to enable accurate off-site area of origin 
determination? 
 
These research questions were achieved by accomplishing the following objectives: 
➢ Optimisation of GigaPan® hardware and photographic capture parameters; 
➢ Evaluation of image stitching software options; 
➢ Evaluation and optimisation of the dimensional integrity of captured panoramic images; 
➢ Assessment of the accuracy of panoramic images for conducting AO calculations; 
➢ Evaluation of the developed GigaPan® based panoramic imaging technique for 
supporting BPA in a simulated crime scene scenario.  
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2.1 Introduction 
The primary aim of this research was to determine whether the GigaPan® technology is a 
suitable tool for documenting a crime surface with enough detail to support area of origin 
calculations and overall pattern interpretation. The secondary aim of this research was to 
determine the optimum conditions required for documenting bloodstains with the use of an 
automated panoramic imaging system for accurate off-site area of origin calculations (refer to 
section 1.7). In order to carry out these aims the study was conducted in two phases as shown 
in Figure 2.1.  
The first phase of this project determined the optimum parameters necessary for constructing 
digital panoramic images of a test target that represented a typical crime scene wall with the 
use of the GigaPan® automated panoramic hardware system and image stitching software. 
Several parameters were investigated that were important for maximising the dimensional 
integrity of the resultant panoramic images including camera positioning, GigaPan® hardware 
settings and digital image stitching software selection. The methods used to undertake these 
studies are detailed in Chapter 2 Phase I.  
The second phase of this project evaluated the effectiveness of the GigaPan® imaging system 
(GigaPan® hardware and selected image stitching software) for capturing blood spatter suitable 
for supporting bloodstain analysis. This research step applied the parameters established in the 
first phase of this research for capturing panoramic images of a number of simulated impact 
patterns. The area of origin of the photographed blood spatter patterns were determined based 
on image data and compared to the area of origin determined through the traditional method of 
stringing, in order to evaluate the capacity for digital panoramas to support off-site analysis. 
The methods used to undertake these studies are detailed in Chapter 2 Phase II.  
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Project: Evaluation of an Automated 
Panoramic Imaging System for the 
Photographic Recording and Analysis of Blood 
Spatter in Crime Scenes
Phase I
• Optimisation of GigaPan® Capturing Parameters and 
Digital Image Creation
Phase II
• Evaluation of Digital Panoramic System for 
Capturing Blood Stain Pattern Details for Off-Site 
Analysis
Figure 2.1: Schematic of this project’s overall experimental design. 
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Phase I: Optimisation of GigaPan® Capturing 
Parameters and Digital Panoramic Image 
Creation 
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2.2 Establishing a Test Target Grid  
A grid consisting of a number of equally subdivided sections was created as a photographic 
test target for the evaluation of the performance of the GigaPan® Epic Pro system (Figure 2.2). 
The background on which the grid was situated consisted of two white melamine boards with 
a matte finish. Each of the melamine boards had a width of 121.5 cm, a height of 242 cm and 
a thickness of 12 mm. The test target grid therefore had a total dimension of 243 cm x 242 cm. 
Each of the melamine boards were divided into eight subsections with the use of a standard 
measuring tape. The grid was established with the use of adhesive forensic linear scales (Xtek 
Ltd., Australia) in order to assist with the evaluation of the dimensional integrity of the stitched 
images. The adhesive linear scales were stuck on to the grid along marked lines in order to 
ensure the subsections of the grid were made as equal to each other as possible. This resulted 
in the test target grid being divided into 16 subsections with each subsection measuring 
approximately 60.5 cm x 60.75 cm. The two melamine boards were then mounted vertically, 
side by side, to a flat wall and screwed into place.  
 
Figure 2.2: Dimensions of the test target grid established with the use of melamine boards and adhesive linear 
scales. 
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2.3 Set-up of the GigaPan® System 
The settings and parameters outlined in this section were applied to all experiments throughout 
this project that required the use of the GigaPan® system for capturing digital panoramic 
images.  
The GigaPan® Epic Pro (GigaPan® Systems LLC., Portland Oregon, US) was attached to a 
Manfrotto tripod. A 6D Canon EOS digital single-lens reflex (DSLR) camera (Canon Pty Ltd., 
Australia) was then attached to the GigaPan® head (see Figure 2.3). 
Throughout this project images of the test target grid were taken using two different focal 
length lenses; a Canon EF f/2.5 50 mm compact macro lens (Canon Pty Ltd., Australia) and a 
Canon EF f/2.8 100 mm macro lens (Canon Pty Ltd., Australia).  
The camera settings employed for the capturing of the source images are displayed in Table 
2.1. The grid was exposed to fluorescent office lighting as well as two additional portable 45W 
power, 3500 lm LED work-lights both with a colour temperature of 5000 K. The camera’s 
‘Auto White Balance’ setting was used for all images taken. The camera was set to manual 
exposure and manual focus in order to ensure that the focus and exposure did not fluctuate 
between images as this could introduce artefacts that might hinder the creation of the panorama. 
 
Figure 2.3: Diagram depicting the key hardware components of the GigaPan® imaging system (GigaPan® 
Systems 2012). 
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Table 2-1: Camera settings employed for the capturing of panorama source images 
Parameter: Applied Camera Settings: 
f-stop 16 
ISO 100 
Camera Mode Manual Exposure Mode 
Shutter Speed Meter reading used to determine shutter speed 
Lighting Fluorescent office lightning + LED work lights 
White Balance Auto White Balance (AWB) 
 
 Defining area of capture 
Prior to capturing a panoramic image, the user must define the area to be captured through the 
GigaPan® system by inputting the coordinates of the top left and the bottom right corners of 
the image area (see GigaPan® manual for instructions, GigaPan® Systems 2012). The GigaPan® 
system automatically determines the number of images required as well as the time it will take 
to completely photograph the selected area. Capture time and image volume required will vary 
depending on the field of view of the camera lens, exposure settings and the picture overlap 
percentage.  
 Parallax Correction 
Adjustments were made to the GigaPan® camera rail and arms in order to minimise parallax 
error for each of the different focal length lenses, in order to minimise errors in the panorama 
creation process. The process for correcting for parallax was conducted as described in the 
GigaPan® Epic Pro manual was followed. This was done by adjusting the height of the camera 
and moving the camera mounting stage up or down until the centre of the camera lens was 
situated at the same height as the axis of rotation for pitch. The camera rail was then adjusted 
by sliding the rail back and forwards until the entry pupil was aligned with the axis of rotation 
for yaw (GigaPan® Systems 2012). Both camera mounting stage and rail had several gradated 
markings that enabled the correct position of the camera to be recorded to assist later ease of 
setup (refer to Table 2.2). 
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Table 2-2: GigaPan® camera mount settings for minimising parallax error 
 Lens Camera arm mount* Camera rail** 
50 mm macro lens  40  55  
100 mm macro lens  44  75  
 *Camera arm mount is of an unknown measurement scale recorded as a series of numerical gradations on the 
mount itself. **Camera rail is calibrated in mm. 
 Camera Height 
A spirit level was used in order to ensure the camera was level with the subject. The height of 
the tripod was then adjusted so that the centre of the camera lens was parallel with the height 
of the centre of the test target grid at 137 cm from the bottom of the test target. It is important 
to ensure the image plane was parallel with the centre of the subject to minimise unnecessary 
perspective distortion. 
 
 Camera Angle of View 
When switching between different lenses, the camera’s horizontal angle of view is required to 
be established by the GigaPan® system. This information is then used by the GigaPan® system 
to determine the number of consecutive overlapping images to photograph in a given area. In 
order to set the horizontal angle of view, the camera must be adjusted using the GigaPan®’s 
mechanical tilt function so that the middle of the area being photographed is level with the top 
of the camera lens, the camera is then readjusted so that the same point is level with the bottom 
of the camera lens (GigaPan® Systems 2012). These steps provide the GigaPan® Epic Pro with 
the vertical angle that the camera sensor sees, allowing the system to calculate the horizontal 
angle of view. 
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2.4 Image Measurements 
The ‘ruler’ tool available in Adobe® Photoshop® was used to obtain a series of measurements 
for the empirical analysis of constructed panoramic images throughout this project. 
 In order to use Photoshop®’s ‘ruler’ tool, the tool must first be calibrated to a known 
measurement or dimension available within the image. When examining the test target grid, 
the central axis of the grid was used for this purpose (horizontal measurement 3, refer to Figure 
2.5). The ruler tool is then used to select the starting location and the end location for the of the 
area being measured. To ensure the ruler tool was positioned at the correct starting and finishing 
point, the image is magnified to 100 %. From this the pixel length of the centre axis of the test 
target grid is determined. The determined pixel length is then used for calibration. 
 
2.5 Camera Distance from Subject 
In order to determine the optimum distance required for capturing the target with minimum 
distortion, images of the test target grid were captured at different ‘u’ distances. The ‘u’ 
distance is defined as the distance between the subject being photographed and the centre of 
the camera lens (Porter 2009) (refer to Figure 2.4).  
The GigaPan® system was positioned at three different ‘u’ distances from the test target grid; 
80 cm, 180 cm and 280 cm. The distances were established based on the space available in the 
test environment (see results & discussion 3.2).  
In order to gauge the level of distortion present in the stitched panoramic images, the panoramas 
were imported to Photoshop® and measured using the ruler tool. The ruler tool was calibrated 
as per section 2.4. Horizontal and vertical measurements were taken and recorded for both the 
image and physical grid (refer to Figure 2.5). These measurements were then compared against 
each other to determine which ‘u’ distance provided the panoramic image with the least amount 
of distortion.  
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Figure 2.4: Visual representation of ‘u’ distance. 
 
Figure 2.5: Diagram displaying the 5x horizontal (blue arrows) and 5x vertical measurements (red arrows) 
taken of the photographed and physical test target grid for establishing optimum ‘u’ distance.  
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2.6 Determining Optimum Image Stitching Software 
The next step of this research project consisted of determining which stitching software; 
Adobe® Photoshop® CS6 2018, Microsoft Image Composite Editor (ICE) or GigaPan Stitch™, 
would produce stitched panoramic images most appropriate for documenting bloodstains with 
sufficient detail to support area of origin calculations from the images collected with the use of 
the GigaPan® Epic Pro automated panoramic hardware system.  
The test target grid was imaged with the default hardware settings customary to the GigaPan® 
system for both the 50 mm macro lens and the 100 mm macro lens. The camera settings 
employed for the capturing of source images were as noted in Table 2.1. The GigaPan® imaging 
system was set-up to capture the entire area of the test target grid at the optimum ‘u’ distance 
as indicated in section 3.7.  
 Investigating Image Stitching Software Options 
GigaPan Stitch™ 
The first software to be examined was GigaPan Stitch™. The saved source images were loaded 
into the GigaPan® program. The images were then arranged into their correct order by adjusting 
the ‘number of rows’ parameter so that this value correlated with the number of rows captured 
using the GigaPan® system. This step was performed to ensure the image capture order 
displayed by the program was the same as the one used to capture the images. Once these 
setting were confirmed the software conducted the stitching process. The stitched panoramic 
images were then exported from the software and saved in a JPEG format for later evaluation.  
 
Microsoft Image Composite Editor (ICE) 
Next, the captured source images were stitched using Microsoft ICE. The source images are 
loaded into the Microsoft ICE. The software automatically orders the images into the number 
of columns and rows the software deems most appropriate. If the default number of rows is 
incorrect this can be adjusted to its correct number. The image order as well as the initial corner 
(the corner in which the first image was taken) and the sequence in which the images were 
captured can also be modified if they do not correlate with the default settings. Next the picture 
overlap is set to ‘Auto overlap’ and this allows the software to select the horizontal and vertical 
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overlap percentage best fitted for the selected images. Once all the settings have been selected 
the ‘next’ button was selected and the stitching process was started. Once the images have been 
stitched together to create a panoramic image, the projection of the panorama is selected. For 
each of the created panoramas the ‘perspective’ projection was selected as this option provided 
the panorama with the least amount of distortion. The final stitched panoramas were then 
exported from the Microsoft ICE software and saved as JPEG files.  
 
Adobe® Photoshop® CS6 
Lastly, the captured source images were loaded and processed through the Adobe® Photoshop® 
CS6 software using the ‘photomerge’ tool, a stitching tool employed by Photoshop® that 
combines several photographs into one continuous panoramic image. The next step was to 
select the projection setting for the panoramic image. The most appropriate projection setting 
selected was the ‘perspective projection’ as this option provided the panorama with the least 
amount of distortion. The perspective projection allows for a straight, geometric projection that 
removes curved horizontal lines form the resulting panoramic image. The ‘blend images 
together’ button was also selected as this option allowed the software to locate the optimal 
borders between the source images and ensure no harsh lines were visible between the stitched 
images. Once these settings had been selected the software commenced the stitching process. 
On completion of the stitching process the resulting panoramic image was exported from the 
program and saved as a JPEG file. 
 
 Evaluating Performance of Stitching Software 
The output panoramic images from each software application (Photoshop® v. GigaPan® v. ICE) 
were visually examined to determine which stitching software applications provided the most 
reliable results. The visual examination involved the detection of any obvious artefacts that 
impacted on the integrity of the image.  
Chapter 2  Materials and Methods 
33 
 
2.7  Optimising GigaPan® Hardware Settings 
For the effective employment of the GigaPan® system for capturing panoramic images suitable 
for the recording and analysing of bloodstain patterns, the GigaPan® hardware settings required 
optimising. The two hardware settings examined for the purpose of this investigation were 
‘image overlap percentage’ (see section 2.6.1) and ‘picture order’ setting (see section 2.6.2).  
 
 Establishing Optimal Image Overlap Percentage 
The GigaPan® Epic Pro Imaging System includes a setting that allows for the modification of 
the picture overlap percentage. The picture overlap setting is designed to counteract the 
likelihood of missing information due to some lenses lacking the capability of capturing all of 
the information located at the periphery of the lens. This shortcoming is also known as 
vignetting (GigaPan® Systems 2012). The stitching process of the source images can 
effectively be assisted by increasing the percentage of picture overlap, allowing for additional 
registration points to be found between images, which in turn aims to potentially increase the 
effectiveness of the stitching process (refer to section 1.5).  
The GigaPan® Epic Pro has a default picture overlap setting of 30 % however, the system can 
be programmed to apply a range of different overlaps (25 %, 30 %, 35 %, 40 %, 45 %, 50 %, 
55 %, 60 %, 65 %, 70 % & 75 %), (GigaPan® Systems 2012). Part of this research project 
involved investigating each of the different levels of image overlap, to determine which 
setting(s) produce the most effective results for both a 50 mm macro lens and a 100 mm macro 
lens.  
The GigaPan® Epic Pro was set-up as per section 2.3 to photograph the test target grid at each 
of the different levels of percentage overlap with both a 50 mm and a 100 mm macro lens. The 
GigaPan® system was dismantled and re-established at the beginning of each set of 
photographs. This process was repeated three times to produce a total of 33 panoramic images 
(triplicate measurements of 11 variations of overlap were taken at different time slots). All sets 
of captured source images were then stitched using Microsoft’s ICE software employing the 
same method as noted in section 2.5.1. 
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Statistical Examination 
The resulting panoramas of the triplicate measurements (repeats 1-3) were loaded into 
Photoshop® and the 44 sides of each of the sections present in the test target grid were measured 
as portrayed in Figure 2.6. Each of the stitched panoramas were examined at their full 
resolution and the ruler tool was employed to measure the number of pixels present in each 
section. Non-consecutive triplicate measurements of each of the examined 44 dimensions were 
obtained for each stitched panorama. To determine if there was any significant association 
between overlap settings and the dimensional integrity of the images a one-way ANOVA was 
employed using a significance level of .05. The software Minitab® was used for the statistical 
analysis. 
 
Figure 2.6: Diagram depicting the measuring system used for determining the optimum overlap percentage 
setting for the GigaPan® hardware platform. The numbers 1-44 represent each of the sections of the grid that 
were measured. 
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Visual Examination 
A complementary approach for determining which overlap percentage was optimum for 
creating a stitched panoramic image with the least amount of distortion consisted of locating 
the presence of stitching artefacts. This was carried out by loading the panoramas into 
Photoshop® and viewing the images at 100 % resolution. Each section of the stitched 
panoramas were then searched and the presence of any artefacts recorded. 
Each panoramic image was constructed ten times from the same source images using the same 
Microsoft ICE software settings. Each of the resulting stitched panoramas were searched for 
artefacts.  
 
 Establishing Optimum Picture Order Setting  
The GigaPan® Epic Pro imaging system includes a setting that allows for the change of order 
in which the individual source images are captured. This setting can be adjusted to ‘column-
left’, ‘column-right’, ‘row-up’ and ‘row-down’ (GigaPan® Systems 2012) (Figure 2.7). By 
default, this setting is ‘column-right’. For the purpose of this research it was investigated 
whether or not the order in which the source images are taken alters the dimensional integrity 
of the final stitched panoramas.  
In order to investigate the impact of picture order, the GigaPan® Epic Pro was set-up as 
described in section 2.3. The test target grid was photographed with the 50 mm macro lens 
using the experimentally determined optimal settings (see section 3.7) for each of the four 
separate picture order settings. The same process was then carried out with the 100 mm macro 
lens. The eight sets of source images were stitched and examined. 
The resulting panoramas for both the 50 mm macro lens and the 100 mm macro lens were 
loaded into Photoshop® and the 44 sides of each of the sections present in each of the grids 
were measured as previously displayed in Figure 2.6 and in the manner described in section 
2.6.1. The coefficients of variance (CV) were determined for each of the obtained 
measurements to establish if there was any significant association between the picture order 
settings and the dimensional integrity of the images. These calculations were employed with 
the use of Excel.  
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Figure 2.7: Diagram of the Picture Order Setting. The diagram illustrates the movement of the 
camera/GigaPan® head as it photographs the area defined by the box with the start/finish locations specified for 
each setting.  
 
2.8 Evaluating and Enhancing the Dimensional Integrity of Stitched 
Images  
The final set of experiments conducted as part of Phase I of this project involved evaluating 
the dimensional integrity of test target images captured under optimised conditions and whether 
dimensional integrity of the test images could be further improved. 
A series of markers of known location were triangulated in the panoramic images and 
compared to physically measured triangulation values to evaluate the dimensional integrity of 
the test target images. 
The application of the ‘perspective warp’ tool available in Photoshop® CS6 to test images was 
also explored to determine whether distortion could be further reduced.  
Chapter 2  Materials and Methods 
37 
 
 Evaluating Dimensional Integrity with Triangulation 
A yellow circular adhesive marker of 14 mm diameter was attached in the centre of eight of 
the sections of the test target grid. Triplicate measurements of the length and the width of each 
of the adhesive markers were taken by three different individuals. The adhesive markers were 
applied in sections 1, 4, 6, 7, 10, 11, 13, & 16 of the test target grid (as indicated in Figure 2.8) 
and were triangulated to the top left hand corner and the bottom left hand corner of their 
respective sections as also displayed in Figure 2.8. The triangulation measurements were 
conducted three times, each time by a different individual.  
Panoramas of the test target with applied markers were captured using both the 50 mm and 100 
mm macro lens, then loaded into Photoshop® for analysis with the ruler tool (as per the image 
measures section 2.4). The same measurements, as displayed in Figure 2.6, were taken of the 
stitched panoramic images. These measurements were taken in triplicates by the same 
individual at three varying time slots (non-consecutively).  
 
Figure 2.8: Diagram for conducting triangulation measurements. The numbers (1-16) located in the upper right 
corners represent the numbers of each of the grid’s subsections. 
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 Effectiveness of the Perspective Warp Tool  
Following the experiment undertaken in section 2.7.1, the perspective warp tool available in 
Photoshop® CS6 was applied to the same test target images. The tool is designed to remove 
unwanted perspective distortion from images. When applying the tool, a flat plane parallel to 
the camera is required to be selected in the image and then the software straightens both the 
horizontal and the vertical dimensions to rectify any rectilinear or perspective distortion. 
For the test target images, the four outer corners of the test target grid as shown in Figure 2.9 
were selected. After the perspective warp tool had been applied the panoramic images were 
then measured using the same method as detailed in the section 2.7.1.  
The digital measurements obtained before and after the application of the perspective warp tool 
were compared against each other. These measurements were then compared to the physically 
measured values in order to gauge the effectiveness of this technique for minimising distortion 
in panoramic images. 
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Figure 2.9: Example of the application of the perspective warp tool to a panoramic image in order to minimise 
distortion. (A) depicts the application of tool to original panoramic image through the definition of the flat 
plane. (B) depicts the end result of the panoramic image after the application of the perspective warp tool 
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Phase II: Evaluation of Digital Panoramic System 
for Capturing Bloodstain Pattern Details for Off-
Site AO Determination 
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2.9 Introduction  
During this project, the effectiveness of using panoramic images captured by the GigaPan® 
imaging system for recording blood spatter patterns for analysis was investigated. The ability 
for panoramic images to support area of origin (AO) calculations was evaluated based on the 
accuracy of AO calculated from photographed bloodstains compared to AO determined by 
using the stringing method on the physical spatter.  
 
2.10 Establishing and Recording Blood Spatter Patterns on Test 
Target Grid for Evaluation  
In order to examine the ability of panoramic images for supporting area of origin calculations 
a series of blood spatter test patterns were applied to the test target grid for imaging. Sterile 
horse blood was used as the medium to create the spatter patterns. The blood was applied to 
the test surface with the use of a hammer and a hockey puck as shown in Figure 2.10. 
Approximately 3-4 ml of the blood was applied to the top surface of a hockey puck. A hammer 
was then used to strike the blood located on the hockey puck, causing the blood to impact 
against the wall, creating an impact pattern. The location of the hockey puck in respect to the 
test target grid was recorded as shown in Figure 2.11 (referred to as ‘known’ coordinates). The 
recorded x-coordinate represented the distance of the centre of the hockey puck from an 
adjacent wall; the y-coordinate represented the height of the hockey puck; the z-coordinate 
represented the distance of the centre of the hockey puck to the opposite wall (wall containing 
blood spatter). This process was undertaken several times to create four separate test patterns.  
Each test blood spatter pattern was photographed with the GigaPan® Epic Pro following the 
procedure from section 2.3 and using the optimal settings as defined in section 3.7.  
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Figure 2.10: Visual representation of the application of the blood to the test target grid with the use of a 
hammer.  
  
Figure 2.11: Recording of the known area of origin location using x-, y- and z-coordinates in relation to the 
surface on which the spatter pattern was deposited. A hockey puck containing the source blood was placed on 
top of a stool for the creation of the blood spatter pattern. 
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2.11 Comparing Accuracy of Panoramic Image vs. Physical Stain for 
Supporting Bloodstain Analysis Calculations 
In order to calculate the area of origin, from the digital and physical bloodstain patterns, it was 
first necessary to determine which blood droplets would be the most appropriate for conducting 
angle of impact calculations. This step was carried out on the digital images while viewed in 
Photoshop®. For each blood spatter pattern examined, between 8 and 15 blood droplets that 
provided the clearest indications of directionally were selected based on the investigator’s (the 
author) interpretation of blood spatter selection criteria stipulated by Bevel & Gardner (2008).  
Digital measurements of bloodstains from the panorama were the first measured using 
Photoshop’s® ruler tool. The width and the length of each of the selected blood droplets were 
then measured three times. These measurements were carried out by the same individual over 
three different time sessions (i.e. non-consecutively). 
Once the blood droplets had been selected and measured, the same blood droplets were then 
selected on the test target grid. The dimensions of the blood droplets were then physically 
measured in triplicates, with each repeat measured by a different individual. These 
measurements were taken with the use of a linear scale, with the unaided naked eye (i.e. no 
magnification) and were therefore rounded to the closet half millimetre (Bevel & Gardner 
2008). 
 
 Calculating Angle of Impact 
Angle of impact was calculated from the average of the triplicate measurements taken from 
each of the selected blood droplets both from the panoramic image and from the pattern present 
on the test target grid itself. This was done by using Equation 2-1, as presented below.  
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Equation 2-1: Balthazard’s formula for calculating the angle of impact of a bloodstain (Bevel 
& Gardner 2008) 
 
𝜃 = sin−1 (
𝑊
𝐿
) 
Where:  
𝜃 = Angle of impact 
W = Width of bloodstain 
L = Length of bloodstain 
 
From the literature it can be noted that stains with an impact angle between 10° and 45° have 
the lowest error rate of 2° to 3° (Bevel & Gardner 2008). In order to reduce some of the error 
associated with the type of stains selected, throughout this research, only the stains that had a 
calculated impact angle of between 10° and 45° were included for determining AO. 
 
 Stringing Method for Area of Origin Determination and Comparison 
The angle of impact for each of the selected blood droplets were then utilised in order to 
determine the area of origin. First the angles of impact from the stitched panorama were 
physically strung onto the test target grid with the use of a protractor. Once the stringing was 
completed the area of origin was documented by recording the x-, y- and z-coordinates of where 
the strings overlapped at both the top and the bottom of the area of origin. Once the stringing 
was completed for the panoramic image measurements, the strings were then removed, and the 
same process was then conducted for the angles of impact calculated from the real-life 
measurements. The AO’s determined from both the physical and the digital measurements were 
then compared (refer to Figure 2.12).  
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Figure 2.12: Schematic representing stringing of the digital measurements vs the physical measurements for AO 
determinations. In this representation, the AO determined from the digital image is strung in one colour and the 
AO from the physical stain is strung in another (A). The difference in AO coordinates between the two methods 
(B), assisted in evaluating the ability of the imaging technique investigated in this project to support BPA. 
(A) 
(B) 
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2.12 Evaluation of Digital Panoramic System for Capturing 
Bloodstain Pattern Details for Off-Site Analysis in a Simulated 
Crime Scene Environment 
A final experiment was conducted to evaluate the performance of the GigaPan® system for the 
recording and analysis of blood spatter details in a simulated crime scene scenario.  
A test blood impact pattern was created on a blank white painted wall located within an interior 
living room setting. This step was conducted without the use of the test target grid in order to 
determine whether or not the automated digital panoramic imaging system could be used in a 
scenario typical of a crime scene. The test blood spatter pattern was applied to the area in the 
same manner as stated in section 2.9. 
The ‘u’ distance parameter of the GigaPan® system was required to be determined for the new 
crime scene space because the dimensions of the environment (260 cm x 385 cm) differed to 
that used for the test target grid. The GigaPan® system was situated at four different ‘u’ 
distances of 2 meters, 2.5 meters, 3 meters, and 3.5 meters from the wall.  
In order to establish a horizon necessary for the calibration of the GigaPan® system for 
capturing an area, a professional cross line laser level (Bosch Pty Ltd., Australia) was set-up 
and a horizontal laser beam was projected onto the blank wall at the height of the midpoint of 
the wall, 130 cm, as per section 2.3.2.  
The GigaPan® Epic Pro was set-up as per section 2.3 and using the optimal settings as defined 
in section 3.7 and the blood spatter photographed. 
In order to evaluate the optimum ‘u’ distance for this area the stitched panoramic images were 
measured as shown in Figure 2.13. The measurements taken at the varying ‘u’ distances were 
then compared against the ground truth measurements in order to determine which ‘u’ distance 
produced the panoramic image with the least amount of distortion. Once the ‘u’ distance had 
been selected ten blood droplets that provided the best directionally were selected. The ruler 
tool was then calibrated to the width of the wall (385 cm) for each of the stitched panoramic 
images and the measurements of the blood droplets were taken as per section 2.10. 
Once the blood droplets had been selected and measured in Photoshop® the same blood droplets 
were then selected on the wall. The width and the length of the blood droplets were then 
physically measured in triplicates, by three different individuals, with the use of a calibrated 
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linear scale. The measurements collected from both the panoramic image and the ground truth 
were used to calculate the angles of impact for each of the selected bloodstains (see Equation 
2.1). These measurements were then compared to determine the accuracy with which the 
GigaPan® imaging system is able to BPA calculations in a simulated real-world scenario.  
 
 
Figure 2.13: Diagram displaying the horizontal (blue arrows) and vertical measurements (red arrows) taken of 
the simulated crime scene in order to determine ‘u’ distance. 
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3.1 Introduction  
The results for the experimentation undertaken as part of this project are presented and 
discussed in this chapter. The results and discussion around Phase I experiments are presented 
first followed by the results and related discussion regarding Phase II experimentation. 
Phase I evaluated parameters (as explained in Chapter 2) in order to optimise the GigaPan® 
system for digital panoramic image construction. Section 3.2 presents and discusses the 
outcomes from the experiment which defined the optimum camera to subject distance. Section 
3.3 evaluated the stitching software applications (Photoshop®, GigaPan Stitch™ and Microsoft 
ICE) implemented for constructing the panoramic images. This investigation was followed by 
the evaluation of the picture overlap setting in section 3.4 in order to determine which setting 
produced the panoramic image with the least amount of distortion. In section 3.5 the optimum 
order in which GigaPan® captures the individual source images (picture order setting) was 
examined. In section 3.6 the enhancement of the dimensional integrity of the stitched 
panoramic images was evaluated by determining whether the use of the perspective warp tool 
produced a less distorted and therefore more reliable image.  
Phase II evaluated the ability of the GigaPan® imaging system for capturing impact pattern 
which could support off-site analysis. The optimised parameters established in Phase I of this 
research were employed in order to successfully capture panoramic images of blood spatter to 
conduct BPA analysis. Phase II also evaluated the accuracy of determining area of origin (AO) 
calculations from the captured panoramic images compared to the AO obtained physically from 
the test target grids. This was carried out over 5 independent trials or mock-ups, in which the 
blood spatter pattern was reapplied for each.  
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Phase I: Optimisation of GigaPan® Capturing 
Parameters and Digital Panoramic Image 
Construction 
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3.2 Establishing Optimum Camera to Subject Distance  
The established test target grid was photographed using the GigaPan® system from three 
different subject to camera (‘u’) distances of 80 cm, 180 cm and 280 cm, to determine the 
optimal distance required for capturing the target with minimum distortion. 
The selected ‘u’ distances were chosen as these represented a close-up, mid-range and far away 
camera to subject distance. Based on the dimensions of the room (a small living space) where 
testing was conducted, as well as the presence of furniture, 280 cm was the furthest distance 
from the test target in which the GigaPan® system could be situated for documenting the scene 
(refer to Figure 3.1). 
 
Figure 3.1: Schematic representation of the test area in which the GigaPan® system was set-up and the 
experimental work was executed. The ‘u’ distances studies are indicated. 
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Measurements were taken of the vertical and horizontal axes of the test target grid as shown in 
Figure 2.5. Figure 3.2 represents the vertical measurements obtained from the panoramic 
images created at each distance in comparison to the ground truth dimensions of the test target. 
From observing this graph, it can be noted that the ‘u’ distance of 280 cm displays the least 
amount of overall distortion in comparison to the ground truth, followed by the ‘u’ distance of 
180 cm and 80 cm respectively. Only in the measurement of the second vertical axis does the 
‘u’ distance of 180 cm have the least amount of distortion.  
Figure 3.3 represents the horizontal measurements taken from the panoramic images created at 
the three varying ‘u’ distances as well as the ground truth measurements. The ‘u’ distance of 
280 cm has the least amount of distortion in comparison to the ground truth measurement. With 
regards to the other two ‘u’ distances, the ‘u’ distance of 180 cm has less distortion than the ‘u’ 
distance of 80 cm for the first two horizontal axes measured, however, the 80 cm ‘u’ distance 
appears to have a lesser amount of distortion for measurements taken of the horizontal axes 4 
& 5.  
 
Figure 3.2: Graph depicting variation in vertical measurements taken of panoramic images captured at each of 
the three ‘u’ distances investigated (280 cm, 180 cm, & 80 cm) compared to the ground truth measurement. The 
280 cm ‘u’ distance displayed the least distortion. Measurement values are displayed for the 280 cm dataset. 
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Figure 3.3: Graph in which the horizontal measurements taken of the panoramic images captured at each of the 
three ‘u’ distances investigated (280 cm, 180 cm, & 80 cm) compared to the ground truth measurements. The 
280 cm ‘u’ distance displayed the least distortion. Measurement values displayed for the 280 cm dataset. 
 
After evaluating all the data collected, it is apparent that the ‘u’ distance of 280 cm resulted in 
a panoramic image that displayed the least amount of distortion compared to the other two ‘u’ 
distances examined. The maximum measurement deviation for the vertical axis was 1.65 cm, 
whilst the deviation for the horizontal axis was 6.04 cm in comparison to the ground truth 
measurements of the test target.  
The observation that the ‘u’ distance furthest from the test target produced the least distortion 
is supported by photographic theory. By positioning the GigaPan® system further away from 
the area being photographed, the GigaPan® system results in a narrower angle of view when 
imaging the outer corners of the defined area and therefore creates panoramic images with a 
lesser degree of perspective distortion. The is due to the fact that image perspective is controlled 
by the ‘u’ distance (Porter 2009).  
The ‘u’ distance of 280 cm was established as the optimum ‘u’ distance for the test target area 
in which this research was conducted. However, further research would be required to 
determine the most appropriate ‘u’ distance required for scenes and subjects (i.e. walls) of 
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different dimensions. Research would also be required to investigate how shorter and longer 
‘u’ distances may affect the amount of detail present in the resulting panoramic images when 
challenged with capturing surface areas of different dimensions than the test area examined.  
 
 
3.3 Determining Optimum Image Stitching Software  
This research employed high-resolution digital panoramic images for the enhancement of 
current crime scene documentation capabilities. In order to produce a panoramic image 
representative of a crime scene area in which minimal distortion is present, an appropriate 
stitching software must be employed. The following stitching software applications were 
therefore evaluated: Photoshop®, Microsoft Image Composite Editor (ICE) and GigaPan 
Stitch™. The stitching time as well as the image quality of created panoramas was considered 
when establishing the optimum stitching software.  
Table 3-1: Average Stitching time for the various software applications evaluated. 
 Stitching Time 
Stitching Software 50 mm macro lens 100 mm macro lens 
GigaPan Stitch™ 20 s N/A 
Microsoft ICE  15 s 1 min 27 s 
Photoshop® 1 min 14 s 2 min 44 s 
 
Firstly, GigaPan Stitch™ was evaluated. For the source images captured using the 50 mm macro 
lens, the stitching time took a total of 20 s (See Table 3.1). The stitched panoramic image 
presented no obvious stitching errors. However, when exporting the resulting panoramic image 
from the GigaPan Stitch™ software, barrel distortion was noted in the images (refer to Figure 
3.4). With this type of distortion, the resulting panoramic image no longer provided an accurate 
representation of the test target grid and therefore could not be used effectively for this research. 
In order to prevent the GigaPan Stitch™ output image from distorting when exporting them 
from the program’s inbuilt image viewer, it was required to be uploaded onto the GigaPan® 
website and made available to the general public through the use of GigaPan®’s interactive 
image gallery. This consequently makes the GigaPan Stitch™ software undesirable from an 
operational viewpoint as it is not possible to obtain an undistorted panoramic image from this 
software without uploading the images the web.  
Chapter 3  Results and Discussion 
55 
 
GigaPan Stitch™ was unable to produce an accurately stitched panoramic image from the 
source images collected with the 100 mm macro lens. The stitching process was repeated for 
the set of source images three times with each attempt resulting in similar major stitching errors 
apparent in the final panorama (see Figure 3.5). GigaPan Stitch™ was therefore unable to 
produce reliable results for the images captured with a 100 mm macro lens.  
 
 
 
Figure 3.4: Panoramic image exported from GigaPan Stitch™. Source images captured with a 50 mm macro 
lens with an overlap percentage setting of 30 %.  
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Figure 3.5: Panoramic image created using GigaPan Stitch™. Source images captured with a 100 mm macro 
lens with an overlap percentage setting of 30 %. 
Secondly, Microsoft Image Composite Editor (ICE) was tested. This software allows for the 
ordering of the source images in their correct location prior to the stitching taking place. This 
can therefore assist in the prevention of allocation-based errors. Once all of the images have 
been successfully organised the software then blends the images together to create a single 
panoramic image. The time required for stitching the source images captured with the 50 mm 
macro lens varied in time in comparison to the stitching of the source images captured with the 
100 mm macro (refer to Table 3.1). The time variances for the stitching process between the 
two different macro lenses, 50 mm and 100 mm, is resultant of an increase in source images 
captured when using a lens with a higher magnification and a narrower field of view. Microsoft 
ICE was able to produce a successfully stitched panoramic image for the sets of source images 
captured with each of the macro lenses. No changes were observed in the images when 
exporting and saving the stitched panoramic images as JPEG files (see Figure 3.6).  
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Figure 3.6: Panoramic image created using Microsoft ICE. Source images captured with a 100 mm macro lens 
with an overlap percentage setting of 30 %. 
 
Lastly, Photoshop® was evaluated for its effectiveness in establishing a stitched panoramic 
image from the captured source images. The time required to complete the stitching process 
for the source images captured with the use of the 50 mm and 100 mm macro lens varied in 
time (see Table 3.1). The Photoshop® CS6 photomerge stitching tool failed to provide a 
successful panoramic image for both sets of source images. The image stitching process was 
repeated three times for each of the sets of captured images with each attempt resulting in an 
unsuccessful panoramic image (refer to Figure 3.7 for an example). Unlike the other two 
software programs, GigaPan Stitch™ and Microsoft ICE, the photomerge tool employed in 
Photoshop® does not allow for the captured images to be established in their correct order prior 
to the stitching process. It could be hypothesised that due to the test target grid being established 
with the use of linear scales the Photoshop® stitching software is registering sections of the 
linear scale from different areas of the grid as being of the same reference point and attempting 
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to align the images in a different order to the way in which they were captured. This has 
consequently resulted in Photoshop® forming misaligned panoramic images. This could lead 
to similar issues when stitching images captured from a crime scene as majority of the scene 
could consist mostly of blank walls with only a few droplets of blood present. Therefore, in a 
crime scene scenario there may not be a sufficient number of registration points for Photoshop® 
to be able successfully align the captured source images in the correct order to create a 
panoramic image of the scene.  
 
 
 
 
 
Figure 3.7: Panoramic image created using Photomerge (Photoshop®). Source images captured with a 100 
mm macro lens and an overlap percentage setting of 30 %. 
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Each stitching software, GigaPan Stitch™, Microsoft ICE and Photoshop®, were uncomplicated 
and relatively simple to operate however, there were notable differences in the final resulting 
panoramic images. GigaPan Stitch™, was able to provide successfully stitched panoramic 
images only for the source images captured with a 50 mm macro lens however, due to the 
issues with distortion encountered when exporting the images from the software GigaPan 
Stitch™ was rejected as a reliable stitching tool for this research. Photoshop® was unfortunately 
unable to provide an accurately stitched panoramic image of the test target grid and was thus 
also eliminated as an effective stitching tool for this research. Microsoft ICE provided the most 
reliable panoramic images and therefore was elected as the most optimum stitching software 
for carrying out this study.  
Microsoft ICE, unlike Photoshop® and GigaPan Stitch™, is a free software program that is 
straightforward to use allowing for ease of use for operational crime scene investigators. One 
downside to this software is that Microsoft® does not offer any official form of support. 
However, the developers of this program participate directly in the allocated support forum 
(see: https://social.microsoft.com/Forums/en-US/home?forum=ice), (Gross & Heumann 
2016). This means there is a space where people are able to ask questions and receive feedback 
directly from the developers of the software. Microsoft ICE allows for rapid generation of 
panoramic images from up to hundreds of individual source images. The level of panoramic 
visualisation that is achievable with the use of Microsoft ICE makes this software an extremely 
powerful tool. The popularity of this software has thus increased amongst researchers in a 
number of varying fields (Wojcicka & Wrobel 2012). In conclusion, Microsoft ICE is capable 
of producing high-quality panoramic images at high speeds making this software an 
appropriate tool for carrying out this research. Due to the high speeds with which the panoramic 
images can be established through the use of Microsoft ICE, the panoramic image collection 
of evidence can increase the speed and efficiency with which visual data is collected from a 
scene.  
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3.4 Establishing the Optimal Image Overlap Percentage  
Picture overlap or percentage overlap is a term used to describe the area of intersection between 
two or more images that are to be combined within a panorama. The GigaPan® imaging system 
allows for the percentage of picture overlap to be adjusted from 25 % to 75 % in 5 % 
increments. The test target grid was imaged at each of the differing levels of overlap in order 
to determine which setting provided a stitched panoramic image with the least amount of 
distortion or variance from the original test target grid. This was carried out by comparing 
measurements taken of each of the panoramic images at different overlap percentages. The 
stitched images were then visually examined in order to locate the presence of any stitching 
artefacts (refer to Appendix I for an example of the captured source images).  
The number of images captured by the GigaPan® imaging system as well as the amount of time 
the system requires to take the established amount of images is dependent on the level of 
percentage overlap selected. A low overlap percentage results in a smaller intersecting area 
between images, therefore the GigaPan® imaging system captures fewer images and 
consequently takes a shorter amount of time to complete its process. Likewise, a higher overlap 
percentage means that the source images will contain more overlapping information between 
images and therefore requires more images to be taken and thus the process is longer. The type 
of lens utilised also had an effect on the number of source images collected as well as the time 
required to complete the task. This is reflected in Table 3.2. This is due to the differences in 
field of view between the two lenses. The field of view of a 100 mm macro lens is 
approximately half the field of view of a 50 mm macro lens. Consequently, when capturing a 
photograph of a subject with both the lenses positioned at the same distance, the 100 mm lens 
will capture an image with a smaller field of view but with greater magnification whereas, the 
50 mm lens will have a larger field of view and less magnification (Corsentino 2013). Variances 
in the number of source images required for capturing the test target grid were observed for 
some of the overlap percentages (refer to Appendix II). 
For the source images captured with the 50 mm macro lens the stitching process took between 
13 s and 46 s for the stitching software to produce a stitched panoramic image depending on 
the level of picture overlap. No major stitching errors were noted across all 11 of the stitched 
panoramas. The source images captured with the 100 mm macro lens took between 1 min 27 s 
and 13 min 20 s to produce a result depending on the level of picture overlap. No major errors 
were noted when stitching the source images produced from the levels of overlap from 25 % 
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to 55 %, however, the source images captured with a picture overlap of 60 % or higher were 
unable to be stitched using the Microsoft ICE software. The stitching process for each of the 
sets of images captured at a picture overlap percentage of 60 % or higher were repeated three 
times each, with the same errors being observed each time. Consequently, the picture overlap 
percentages of 60% and above for the 100 mm macro lens were ruled out as a reliable picture 
overlap percentage for this research. 
 
Table 3-2: Picture overlap setting vs the typical number of required source images and the 
average time needed to capture the images (refer to Appendix II for the full set of data)  
 Lens (50 mm) Lens (100 mm) 
Picture Overlap 
Setting: 
Images taken 
(n) 
Time: 
Images taken 
(n) 
Time 
25% 6 38.33 s 20  2 min 14 s 
30% 6 36.00 s 24 2 min 22 s 
35% 6 38.33 s 24 2 min 11 s 
40% 6 42.33 s 24 2 min 19 s 
45% 6 50.33 s 30 3 min 21 s 
50% 8 57.33 s 35 3 min 31 s 
55% 8 57.00 s 40 3 min 54 s 
60% 8 56.67 s 45  4 min 19 s 
65% 8 57.00 s 60 5 min 43 s 
70% 15 1 min 29 s 77 7 min 15 s 
75% 18 1 min 43 s 104 9 min 33 s 
 
 Statistical analysis for determining optimum overlap percentage  
Statistical analysis was carried out in order to assist in the determination of which overlap 
percentage provided the optimal results (refer to Appendix III for raw measurements data-set). 
Firstly, a one-way ANOVA calculation was carried out in order to determine whether or not 
the hypothesis: There is no significant difference between the measurements taken of the grids 
for each of the varying levels of overlap for the 50 mm macro lens and 100 mm macro lens, 
can be accepted. The resulting p-values, of 0.116 and 0.991, for the 50 mm and 100 mm macro 
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lenses respectively, were greater than the significance level of 0.05, therefore, there is not 
enough evidence to reject the null hypothesis that the population means are all equal. There are 
therefore no significant differences between the measurements taken at varying levels of 
overlap for either of the macro lenses evaluated. 
The boxplot displayed in Figures 3.8 and 3.9 represent the measurements taken in pixels of the 
stitched panoramic images taken at each of the percentage overlaps captured using the 50 mm 
and 100 mm macro lenses respectively. In Figure 3.8 the boxplot shows that the panoramas 
taken with an overlap between 50 % and 75 % appear to have the least amount of variance in 
measurements between overlap percentage and are therefore considered to be more 
reproducible. In Figure 3.9 as all the boxes overlap with the medians it can be concluded that 
no significant differences can be claimed between the varying levels of overlap (25 % - 55 %). 
Next an analysis of variance was conducted in order to determine the outcome of the second 
hypothesis: there is no variance between the measurements taken at each of the independent 
triplicate setups of the test target grid for the 50 mm and 100 mm macro lenses (section 2.6.1 
details which measurements were taken). The resultant p-value, 0.001, for both the lenses, is 
less than the significance level of 0.05, therefore, the null hypothesis can be rejected, and it can 
be concluded that not all of population means are equal. Consequently, it can be determined 
that there are significant differences between the measurements in each of the different set-ups 
of the GigaPan® system. 
The boxplots in Figures 3.10 and 3.11 display all of the measurements, taken in pixels, of the 
same area of the test target after completely resetting the panorama photographic hardware and 
recapturing the scene on three separate occasions for the 50 mm and 100 mm macro lenses. As 
there is no overlap along the vertical axis for either of the boxplots, this suggests that the three 
repeated camera set-ups differ beyond just random variation and are significantly different to 
each other.  
In conclusion, for both the 50 mm and 100 mm macro lens there is more variance between 
setting up the GigaPan® Epic Pro imaging system each time at the same percentage overlap 
than there are variances between the different overlap percentage settings. The results are the 
same as for the both lenses with the exception that the optimum overlap percentage that can be 
used for the 100 mm lens are from 25 – 55% rather than from 50 – 75 % as is the case for the 
50 mm lens. However, this conclusion is based solely on the empirical data used for the 
statistical analysis (for full data-set for statistical analysis refer to Appendix IV).  
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Figure 3.8: Boxplot representing the number of pixels measured at each of the varying levels of overlap for the 
50 mm macro lens. Overlap percentages 50 – 75 % showed the least amount of variance. 
 
 
 
Figure 3.9: Boxplot representing the number of pixels measured at each of the varying levels of overlap for the 
100 mm macro lens. No significant differences were observed between percentage overlaps.  
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Figure 3.10: Boxplot representing measurements taken of the same area of the test target after completely 
resetting the panorama photographic hardware for capturing the scene on three separate occasions for the 50 
mm macro lens. Significant differences were observed between each of the set-ups of the grid.  
 
 
 
Figure 3.11: Boxplot represents measurements taken of the same area of the test target after completely 
resetting the panorama photographic hardware for capturing the scene on three separate occasions for the 100 
mm macro lens. Significant differences were observed between each of the set-ups of the grid.  
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 Analysis of Visual Artefacts 
Results from section 3.4.1 indicated that no significant differences were observed between the 
percentage overlap settings of (50 %, 55 %, 60 %, 65 %, 70 % and 75 %) for the 50 mm macro 
lens and between (25 %, 30 %, 35 %, 40 %, 45 %, 50 % and 55 %) for the 100 mm macro lens. 
Therefore, artefacts were looked at as a secondary evaluation to determine whether or not their 
presence in the stitched images had a direct correlation with the overlap percentage employed 
to capture the images. Artefacts are visual inconsistencies that manifest in panoramic images 
due to errors that occurred in the stitching process. The artefacts encountered in the panoramic 
images were of various types, with some of the artefacts being more or less subtle. The number 
of artefacts present in each of the panoramic images were counted as displayed in Tables 3.3 
and 3.4 Some of the subtler artefacts were small inconsistencies measuring approximately 2 or 
3 mm in length whereas the more noticeable artefacts affected larger sections of the images 
with these inconsistencies measuring from approximately 1 cm to 20 cm. An example of the 
types of artefacts encountered are displayed in Figures 3.12 and 3.13.  
 
 
 
 
 
Figure 3.12: Example of a minor stitching artefact 
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Table 3-3: Number of artefacts located in stitched panoramic images taken with a 50 mm 
macro lens 
 Artefacts (n) 
Percentage Overlap  Set-up #1 Set-up #2 Set-up #3 Total artefacts (n) 
50 % 1 3 6 10 
55 % 4 4 3 11 
60 % 2 1 2 5 
65 % 3 4 2 12 
70 % 1 4 3 8 
75 % 7 5 6 18 
 
 
 
 
 
Figure 3.13: Example of a major stitching artefact 
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Table 3-4: Number of artefacts located in stitched panoramic images taken with a 100 mm 
macro lens 
 Artefacts (n) 
Percentage Overlap  Set-up #1 Set-up #2 Set-up #3 Total artefacts (n) 
25 % 7 2 5 14 
30 % 1 3 2 6 
35 % 6 10 1 17 
40 % 1 5 5 11 
45 % 6 2 5 13 
50 % 13 8 8 29 
55 % 3 6 8 17 
 
With regards to the panoramic images taken with the 50 mm macro lens the images stitched 
with an overlap percentage of 60 % presented the least amount of artefacts across the three set-
ups. When reviewing the panoramic images taken with the 100 mm macro lens the images 
taken with an overlap percentage of 60 % displayed the least amount of total artefacts.  
Once the most favourable percentage overlap setting had been selected for each of the macro 
lenses the source images with the optimum overlap percentage were stitched ten times (refer 
to Figure 3.14). This was carried out in order to determine whether or not inconsistencies are 
present in the stitching software’s method that could potentially alter the appearance and 
number of artefacts. After examining each of the ten repeated stitched panoramic images for 
both of the 50 mm and 100 mm macro lenses, no differences in the number or appearance of 
artefacts were observed. As a result, it can be concluded that the optimal overlap setting for the 
50 mm macro lens would be that of 60 % and for the 100 mm macro lens an overlap setting of 
30 %. 
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Figure 3.14: Location and number of artefacts present after reattempting the stitching process 10x for the 
images captured with a 50 mm macro lens at an overlap percentage of 60 %. No differences in artefacts were 
noted between each of the repeated stitching attempt.  
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3.5 Establishing Optimum Picture Order Setting 
The measurements taken of the stitched panoramic images established at each of the four 
picture order settings were analysed (see Figure 2.5 for a diagram of the measurements taken). 
The picture order setting is defined by the order in which the GigaPan® head moves to capture 
the scene (refer to Figure 2.7 & refer to Appendix I for an example of the captured source 
images). A visual and statistical analysis of the data was conducted. No visual discrepancies 
were observed between the four different orders in which the pictures were taken (column-
right, column-left, row-up & row-down). In order to determine whether or not there was a 
significant statistical difference between the measurements taken of the test target grid, the 
standard deviation and the coefficient of variance (CV) of the measurements was calculated at 
each of the different settings (refer to Appendix V for raw measurements). The resulting CV’s 
for all of the measurements taken were less than 0.5 % therefore, it can be concluded that there 
is little variance between the measurements collected from the four different picture order 
settings. As no visual or statistical inconsistencies were observed between the different settings 
examined, the GigaPan® imaging system was set to the default picture order setting of “column-
left” for all future experimental work.  
 
3.6 Evaluating and Enhancing the Dimensional Integrity of Stitched 
Images  
As the source images collected from the GigaPan® Epic Pro are each from a different angle, 
once the images have been stitched together the panoramic image can display 
warping/distortion as a result of combining multiple perspectives. The Photoshop® CS6 
perspective warp tool is employed as a way of adjusting some of the perspective distortion that 
may be present in the stitched panoramic images. This tool was evaluated to determine if it 
would contribute further to the minimisation of distortion present in the panoramic images. 
This was carried out by applying a circular adhesive marker to eight of the sections of the test 
target grid and triangulating the location of these markers both in the panoramic images created 
and in real-life, as well as measuring the width and the length of the markers (refer to Figure 
2.8). From this data the difference in location in cm between the stitched images and the ground 
truth was calculated for both the 50 mm macro lens and the 100 mm macro lens. The 
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perspective warp tool customary to Photoshop® was then applied to the stitched panoramic 
images and the same measurements were repeated. The difference between measurements 
taken from the panoramic images after the application of the perspective warp tool and the 
ground truth measurements were compared against the differences established between the 
ground truth measurements and the measurements taken from the panoramic images prior to 
the application of the perspective warp tool for both the 50 mm and the 100 mm macro lens 
(refer to Appendix VI for raw measurements). 
Table 3-5: Difference in triangulation measurements taken from the ground truth and 
stitched panoramic image before and after the perspective warp tool was applied for the 50 
mm macro lens (cm). Measurements A & B are explained in Figure 2.6. 
 Stitched Image (cm) Stitched Image with Perspective Warp (cm)  
Grid number Measurement A Measurement B Measurement A Measurement B 
1 -2.19 +1 +0.26 -0.02 
4 -0.5 -0.54 +0.18 +0.08 
6 -1.05 -0.07 +0.13 +0.04 
7 -0.38 -0.05 +0.17 +0.12 
10 -0.02 +0.78 +0.3 +0.29 
11 +0.25 +0.62 -0.1 +0.07 
13 +0.29 +1.59 +0.24 +0.46 
16 -2.2 +1.16 +0.3 +0.2 
 
Table 3-6: Difference in triangulation measurements taken from the ground truth and 
stitched panoramic image before and after the perspective warp tool was applied for the 100 
mm macro lens (cm). Measurements A & B are explained in Figure 2.6. 
 Original Stitched Image (cm) Stitched Image with Perspective Warp (cm)  
Grid number Measurement A Measurement B Measurement A Measurement B 
1 -2.88 -1.18 +0.11 -0.02 
4 -0.49 -0.54 +0.3 +0.18 
6 -1.17 0 +0.1 +0.06 
7 -0.3 +0.05 +0.31 +0.12 
10 -0.07 +0.68 +0.05 +0.22 
11 +0.46 +0.87 +0.06 +0.26 
13 +0.21 +1.33 +0.17 +0.15 
16 +2.38 +1.84 +0.2 +0.29 
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Table 3-7: Difference in marker measurements taken from the ground truth and stitched 
panoramic image before and after the perspective warp tool was applied for the 50 mm 
macro lens (mm). Measurements X & Y are explained in Figure 2.6. 
 Original Stitched Image (mm)  Stitched Image with Perspective Warp (mm)  
Grid 
number 
Measurement X Measurement Y Measurement X Measurement Y 
1 -0.82 -0.81 -0.51 -0.38 
4 -0.45 -0.77 -0.39 -0.39 
6 -0.89 -0.51 -0.58 -0.2 
7 -0.57 -0.38 -0.45 -0.07 
10 -0.32 0 -0.32 +0.04 
11 -0.26 -0.19 -0.21 +0.2 
13 -0.32 -0.19 -0.2 +0.16 
16 +0.06 +0.51 +0.13 +0.2 
 
 
Table 3-8: Difference in marker measurements taken from the ground truth and stitched 
panoramic image before and after the perspective warp tool was applied for the 100 mm 
macro lens (mm). Measurements X & Y are explained in Figure 2.6. 
 Original Stitched Image (mm) Stitched Image with Perspective Warp (mm) 
Grid no. Measurement X Measurement Y Measurement X Measurement Y 
1 -0.82 -0.71 -0.52 -0.41 
4 -0.32 -0.67 -0.29 -0.46 
6 -0.54 -0.51 -0.55 -0.46 
7 -0.32 -0.38 -0.34 -0.39 
10 -0.36 -0.62 -0.29 +0.16 
11 -0.26 -0.06 -0.2 -0.05 
13 -0.32 -0.19 -0.32 -0.17 
16 -0.37 -0.62 -0.36 -0.36 
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From observing the data collected in Tables 3.5 and 3.6 it is apparent that the location of the 
markers had shifted in the panoramic images in comparison with their location in real-life. It 
appears that there is more of a difference between measurements taken of the markers in the 
outer corners of the test target grid opposed to the measurements taken of the markers located 
in the centre of the grid. The difference between measurements is relatively small and does not 
vary more than 3 cm from the original measurements for both the 50 mm and the 100 mm 
macro lens. However, when looking at the measurements taken from the panoramic images 
after the application of the perspective warp tool, the location of the markers became 
significantly closer to the ground truth measurements. The difference between measurements 
for both the 50 mm macro lens and the 100 mm macro lens after the application of the 
perspective warp tool was consistently lower than 1 cm. 
From the data collected in Tables 3.7 and 3.8 it can be observed that the width and the length 
of the markers varies slightly between their measurements taken from the stitched panoramic 
image and their real-life measurements. The difference between measurements is relatively 
small and does not vary more than 0.82 mm from the original measurements for both the 50 
mm and the 100 mm macro lens. However, when looking at the measurements taken from the 
panoramic images after the application of the perspective warp tool the size of the markers 
became significantly closer to the ground truth measurements. The difference between marker 
dimensions for both the 50 mm macro lens and the 100 mm macro lens after the application of 
the perspective warp tool were consistently lower than 0.58 mm. This finding supports the use 
of this technique for successfully conducting AO calculations for stitched panoramic images.  
In conclusion, as the source images that create the panoramic image are captured from a single 
viewpoint, i.e. all images are captured from a different perspective, some level of relocation of 
the elements within the image is unavoidable. However, with the employment of the 
Photoshop® CS6 perspective warp tool the amount of movement these objects underwent was 
able to be reduced ultimately providing more reliable results. As an outcome of this experiment 
the perspective warp tool was deemed a useful tool and was applied to the panoramic images 
taken throughout the remainder of the research.  
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3.7 Summary of Results: Phase I 
After completing the optimisation phase of this research the optimum GigaPan® parameters 
were established as listed below. These parameters were implemented throughout Phase II of 
the research.  
➢ ‘u’ distance: 280 cm  
➢ Stitching Software: Microsoft ICE  
➢ Image Percentage Overlap:  
➢ 50 mm macro lens: 60 % 
➢ 100 mm macro lens: 30 % 
➢ Dimensional Integrity: Apply ‘Perspective Warp’ tool 
➢ Picture Order Setting: Default setting; column-left 
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Phase II: Evaluation of Digital Panoramic System 
for Capturing Bloodstain Pattern Details for 
Off-Site Analysis 
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3.8 Evaluation of the Accuracy of BPA Area of Origin (AO) 
Determination when using a Digital Panoramic Image  
When analysing blood spatter at a crime scene one of the key elements associated with BPA is 
locating the area of origin of the bloodshed (Camana 2013). The source of an impact pattern 
provides vital data on the spatial location of the impact blow and therefore is a critical piece of 
information when attempting to reconstruct the sequence of events that occurred. AO can be 
used to help determine the location of the victim during impact, such as whether the 
victim/suspect was standing up, sitting down or on the ground when the attack happened. This 
information can then be employed in order to refute or corroborate statements made by those 
involved. It is therefore essential to estimate as accurately as possible the location of the area 
of origin (refer to Appendix VII data on the angles of impact used to determine AO).  
Figure 3.15 displays a representative of a panoramic image containing blood spatter, in which 
greater context of the scene/subject can be observed (entire wall). A close-up of a section 
containing blood spatter is also shown (refer to appendix I for an example of the captured 
source images). Close-up detail and context are crucial details required by blood spatter 
analyst’s in order to determine AO and to determine the sequence of events as described by the 
bloodshed.  
Due to the ability to seamlessly transition between a high level of macroscopic detail and more 
boarder visual information within the singular panorama, these style of images can also assist 
with the presentation and communication of complex BPA evidence, such as area of origin 
(AO), in our courts. Any tool or approach that can assist with the communication of complex 
visual evidence can be considered of significant value to the justice system (Porter & Kennedy 
2012; Porter 2007). 
In order to estimate the AO, the degree of error associated with impact pattern measurements 
needs to be considered (Connolly et al. 2012). Unfortunately, limited information is available 
regarding the exact error rate present in BPA calculations and their impact on AO accuracy. In 
the literature the standards of accuracy for AO determination display a wide range varying from 
around the size of a tennis ball (~7 cm) to approximately 30 cm, however, not enough research 
has been conducted in order to support these statements (Bevel & Gardner 2008; Connolly et 
al. 2012). There has been no major necessity to define an absolute point when it comes to AO 
determination. This is due to the fact that the nature of events that lead to a specific bloodshed 
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are themselves dynamic, and pinpointing an exact position would not be feasible (Bevel & 
Gardner 2008).  
For this experiment, the following terms were used: 
1. Known AO: the location of the actual source, i.e. the hockey puck 
2. Physical AO: the location obtained using physical stringing, as currently conducted in 
BPA analysis 
3. Virtual AO: the location determined using the panoramic image 
The difference between the known AO and the physical and virtual AO’s in the x-, y- and z-
directions for each of the blood spatter mock-ups were calculated as shown in section 2.10.1 
(refer to Appendix VIII for full AO coordinate data).  
Figure 3.16 depicts the differences in x-, y- and z-coordinates between the virtual AO vs known 
AO. Figure 3.17 depicts the difference between the known AO determined vs the physical AO 
for each of the blood spatter trials. Figure 3.18 depicts the differences between the virtual AO 
and the physical AO. Refer to Figures 3.19 & 3.20 for a visual representation of the stringing 
process undertaken for determining the physical and virtual AO’s for Trial 2.  
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Figure 3.15: Example images captured using the GigaPan® digital panoramic imaging system. (A) A panoramic 
image depicting an overview of the entire test target and spatter pattern. (B) An area of the panoramic image 
(shown as a red box in Figure 3.15 A) viewed at 100 % magnification.  
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Figure 3.17: Differences in x-, y-, and z-coordinates between the physical AO vs the known AO. 
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Figure 3.16: Differences in x-, y-, and z-coordinates between the virtual AO vs the known AO. 
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From Figures 3.16, 3.17 & 3.18 it can be observed that the virtual AO and the physical AO 
became progressively closer to the known AO from Trial 1 through to Trial 4. The perceived 
improvement of accuracy in AO determination could be a result of a more developed 
understanding of the blood spatter selection criteria and stringing process gained through 
practical experience.  
 
The overall differences between the virtual and the known AO coordinates ranged from 21.5 
cm to 5.25 cm for the x-measurement, from 19.5 cm to 5.25 cm for the y-measurement and 
from 3.75 cm to 0.5 cm for the z-measurement. The overall differences for the physical AO 
coordinates ranged from 19 cm to 4.5 cm for the x-coordinates, from 17.5 cm to 6 cm for the 
y-measurement and from 4.25 cm to 0 cm for the z-coordinate.  
 
The z-coordinates presented the least amount of variance for all four trials with the minimum 
differential value being 0.5 cm for the virtual AO and 0 cm for the physical AO results. The 
resulting x-, y- and z-coordinates determined virtually and physically of the bloodstains are 
within the range of accepted differences, which from the literature indicates may vary up to 
30.5 cm (Hakim & Liscio 2015). 
 
The height of the AO is the most significant point, in a forensic context, as it can provide vital 
information on the position of the victim or the attacker (Hakim & Liscio 2015). In this study, 
the variance in height (y-coordinate) determined from the virtual vs known AO had a range 
between 5.25 cm and 19.5 cm. The AO calculation applied disregards the influence that gravity 
and air resistance may have on the blood droplets when traveling through the air. The AO 
calculation is therefore established assuming the blood spatter underwent a linear trajectory 
and not a parabolic flight path, leading to an overestimation of the height coordinate (Behrooz 
et al. 2011). According to the literature it is common for the height (y-coordinates) to present 
the biggest error in blood spatter analysis in comparison the x- and z-coordinates. As can be 
seen in Figures 3.16 and 3.17, this was the case for Trials 2 and 4. However, as shown for Trials 
1 and 3 the x-measurement had presented the biggest error. This could be associated with the 
amount of force applied to the blood source, where variations could potentially result in the 
formation of more elliptical bloodstains closer to the known height coordinates (Maloney et al. 
2011). This could also be associated with the shape of the blood droplets that were selected as 
this could have had a significant effect on the accuracy of the height coordinate when carrying 
out the AO calculations (Illes & Boue 2011; Conelly et al. 2012). 
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Blood droplets are subjected to multiple physical interactions (such as surface friction and 
oscillation (Joris et al. 2014)) however, these interactions are disregarded in Balthazard’s 
formula (refer to Equation 2.1). This must be noted as any physical interactions that act on 
blood droplets have the potential to deviate a stain from the true shape of its ellipse and 
therefore insert error into Balthazard’s model (Joris et al. 2014). As a result, it is critical to 
acknowledge that Balthazard’s formula only provides us with an estimate of the area of origin.  
 
The set-up that was employed for creating the bloodstain patterns could have had effect on the 
shape of blood droplets that were created. Several factors such as the amount of blood used, 
the force used to impact the blood, and the source location of the blood all have effects on the 
shape of bloodstains produced. As these droplets are then selected in order to determine AO, 
the shape of the selected bloodstains could have possible effects on the accuracy of this process. 
The inherent errors associated with creating a simulated impact pattern could potentially be 
avoided in future research with the use of blood spatter data-sets. Attinger et al. (2018) have 
developed an original blood spatter data-set suitable for the purposes of blood spatter research 
and training. These data-sets consist of controlled impact patterns that have been scanned at 
high-resolution these stain patterns can then be printed and stuck against a surface and used as 
if it were a real blood spatter pattern. By controlling the conditions and parameters around 
creating the blood spatter patterns one is able to minimize the error associated with creating 
the spatter patterns.  
Another factor that should be taken into consideration is the presence of contextual bias. 
Contextual bias has been noted across a number of forensic science discipline and BPA is no 
exception. Contextual information surrounding the deposition of the blood spatter has the 
potential to effect the analysts results when determining the area of origin (Osbourne et al. 
2016). In order to minimise the presence of contextual bias throughout this research, the 
researcher was not present at the time when the blood spatter was applied to the test target grid.  
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Figure 3.18: Differences in x-, y-, and z-coordinates between the virtual AO vs the physical AO. 
 
From observing Figure 3.18 it can be noted that the physical AO and the virtual AO are very 
close. The deviation between the physical AO compared to the virtual AO determined was of 
a maximum of 2.5 cm. These detailed panoramic images can therefore assist with the 
preservation of evidence that can be employed for off-site of later analysis.  
This consequently supports both of the research questions by proving that the GigaPan® 
technology is capable of recording a crime scene surface with suitable information to allow 
accurate off-site bloodstain pattern analysis to be conducted. 
 
 Limitations Associated with the Stringing Method  
The method of stringing is not an exact science and has several shortcomings that need to be 
taken into consideration when analysing the results collected from this process. One of the 
major flaws associated with the stringing method is due to human error and imprecision when 
evaluating both the size and the orientation of the defined blood droplets (Vitiello et al. 2016). 
Due to inherent uncertainties in the measurement of bloodstains it must be noted that the 
intersect of the strings will not provide a single intersection point but instead an area of 
probability of intersection will be defined, known as an area of origin (Camana 2013).  
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When executing the stringing method, the placing of the strings along the exact calculated 
angles of impact can be difficult, with human error easily being introduced into the process. 
For this research a standard protractor was used for establishing the angles at which the strings 
were to be fixed. In order to reduce the amount of human error introduced it would have been 
more accurate to implement a laser protractor as this can assist in aligning and locating the 
fixture points for the strings, as suggested by Bevel & Gardner (2008). 
 
Bevel and Gardner (2008) suggest that in a real-world scenario, if the results from stringing 
display a particularly precise point of origin one should have caution when considering these 
results, as it is extremely unlikely that one would be presented with an extremely tight AO 
when knowing the intrinsic shortcomings of the process. 
 
Figure 3.19: Representation of the stringing of the virtual measurements vs the physical measurements used in 
Trial 2. The purple strings represent the stringing conducted using the virtual measurements. The blue strings 
represent the stringing conducted with the physical measurements. The strings used in both figures have been 
digitally enhanced to assist visual clarity (image was captured using a wide-angle lens + DSLR camera to 
document stringing, and not captured using the GigaPan® system). 
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Figure 3.20: Representation of the stringing method used in Trial 2. A – represents the stringing conducted 
using measurements obtained from a virtual image. B- represents the stringing conducted with physical 
measurements obtained directly from the stain. The strings used in both figures have been digitally enhanced to 
assist visual clarity (images were captured using a wide-angle lens + DSLR camera to document stringing, and 
not with the use of the GigaPan® system). 
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3.9  Evaluation of the Accuracy of BPA Angle of Impact 
Determination when using a Digital Panoramic Image in a 
Simulated Crime Scene Space  
After evaluating the blood spatter mock-ups conducted on the established test target grid a final 
blood spatter mock-up was carried out in order to simulate the application of the investigated 
photographic documentation technique in a real-world scenario. This experiment was 
conducted in order to determine whether the successful determination of AO could be carried 
out without the use of a test target grid.  
 
 Determining ‘u’ distance for simulated crime scene space 
The source images that formed the stitched panoramic image of the area in question were taken 
from a ‘u’ distance of 2 m, 2.5 m, 3 m & 3.5 m. The stitched panoramic images created from 
the ‘u’ distance of 2 m and 2.5 m presented significant artefacts. As artefacts have the potential 
to obscure the data collected from the images the ‘u’ distances of 2 m and 2.5 m were deemed 
unsuitable for conducting BPA analysis. 
Measurements were taken of the vertical and horizontal axis for the simulated crime scene area 
as shown in Figure 2.13. Figure 3.21 represents the vertical measurements taken of the 
panoramic images created at the ‘u’ distances of 3 m and 3.5 m as well as the ground truth 
measurements. From observing this graph, it can be noted that the ‘u’ distance of 3 m displays 
the least amount of distortion in comparison to the ground truth. Figure 3.22 represents the 
horizontal measurements taken the established panoramic images as well as the ground truth 
measurements. When observing the data in the graph it can be seen that the ‘u’ distance of 3 m 
presents the least amount of distortion in comparison to the ground truth measurement. It can 
therefore, be concluded that the ‘u’ distance of 3 m presents the least amount of distortion and 
was consequently elected for conducting BPA analysis. It should also be noted that the 
optimum ‘u’ distance of 3 m is similar to the optimum ‘u’ distance of 280 cm determined in 
Phase I of this research. 
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Figure 3.21: Graph in which the vertical measurements taken of the panoramic images created at a ‘u’ distance 
of 3 m and 3.5 m are compared to the ground truth measurements. 
 
Figure 3.22 Graph in which the horizontal measurements taken of the panoramic images created at a ‘u’ 
distance of 3 m and 3.5 m are compared to the ground truth measurements. 
265.91
266.61
267.31
250
255
260
265
270
275
1 2 3
L
en
g
th
 (
cm
)
Vertical Measurements
3.5 m 3 m Ground Truth
387.42
385
381.42
380
381
382
383
384
385
386
387
388
389
390
1 2 3
L
en
g
th
 (
cm
)
Horizontal Measurements
3.5 m 3 m Ground Truth
Chapter 3  Results and Discussion 
86 
 
3.10 Determining the accuracy of angle of impact calculations in 
simulated crime scene space  
After determining the optimum ‘u’ distance, ten of the most appropriate bloodstains were 
selected for conducting measurements. The width and the length of the selected bloodstains 
were measured both physically and virtually with the measurements of these displayed in Table 
3.9. When comparing the physical measurements to the virtual measurements it can be 
observed that minor differences are present in both the width and the length measurements of 
the selected blood droplets. When comparing the width measurements between the stitched and 
the ground truth blood droplets a maximum difference of 0.36 mm and a minimum difference 
of 0.02 mm can be observed. When comparing the length measurements between the virtual 
and physical blood droplets a maximum of 0.68 mm and minimum difference of 0.0 mm. From 
this data it can be seen that the difference between the physical measurements and the virtual 
measurements is not significant and therefore AO calculations can be conducted from the 
acquired data. It should be noted that that the virtual widths and length measurements are more 
accurate, as the pixel resolution is higher than the resolution of the linear scale used for the 
physical measurements. Consequently, although the digital image might have a small amount 
of distortion, the measurements recorded are in fact more accurate. 
Table 3.10 displays the calculated angles of impact for the selected blood droplets. As 
discussed by Bevel & Gardner (2008), impact angle between 10° and 45° have an error rate of 
2° to 3°. From this data it can therefore be concluded that the difference in angles of impact 
between the physical and virtual measurements are within the error range of the stringing 
technique itself. An example of a stitched panoramic images taken from a ‘u’ distance of 3 m 
is displayed in Figure 3.23. 
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Table 3-9: Difference in width and length of the physical and virtual measurements taken of 
the blood droplets in a simulated crime scene scenario (mm). 
Blood 
Droplet 
Virtual 
Width 
(mm) 
Physical 
Width 
(mm) 
Virtual 
Length 
(mm) 
Physical 
Length 
(mm) 
Width 
Difference 
(mm) 
Length 
Difference 
(mm) 
1 1.48 1.5 5.63 5 0.02 0.63 
2 2.36 2 7 7 0.36 0 
3 2.53 2.5 7.32 8 0.03 0.68 
4 2.48 2.2 7.9 8 0.28 0.1 
5 1.48 1.5 6.02 6 0.02 0.02 
6 1.62 1.5 4.09 4 0.12 0.09 
7 1.13 1 4.35 4 0.13 0.35 
8 1.03 1 4.45 4.5 0.03 0.05 
9 1.22 1 4.82 5 0.22 0.18 
10 1.69 1.5 4.76 4 0.19 0.76 
 
 
Table 3-10: Calculated angles of Impact (AOI) for the physical and virtual measurements 
taken of the blood droplets in a simulated crime scene scenario 
Blood Droplet Virtual AOI Physical AOI Difference 
1 15.24° 17.45° 2.21° 
2 19.70° 16.60° 3.10° 
3 20.22° 18.21° 2.01° 
4 18.29° 15.96° 2.33° 
5 14.23° 14.47° 0.24° 
6 23.33° 22.02° 1.31° 
7 15.05° 14.47° 0.57° 
8 13.38° 12.84° 0.54° 
9 14.66° 11.53° 3.12° 
10 20.79° 22.02° 1.22° 
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Figure 3.23: Example images captured using the GigaPan® digital panoramic imaging system. (A) A panoramic 
image depicting an overview of the simulated crime scene and spatter pattern. (B) An area of the panoramic 
image (shown as a red box in Figure 3.23 A) viewed at 100 % magnification. Dimensions of the captured wall 
were 260 cm x 385 cm. 
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4.1 Conclusions 
This research successfully employed state-of-the-art, high-resolution digital panoramic images 
(GigaPan® imaging) to enhance current crime scene documentation capabilities. The research 
questions that this thesis addressed were:  
➢ Is GigaPan® technology capable of recording a crime scene surface containing an 
impact pattern, with a sufficient level of information suitable for simultaneously 
supporting area of origin calculations and overall pattern interpretation? 
 
➢ What are the optimum conditions for documenting bloodstains with the use of an 
automated panoramic imaging system to enable accurate off-site area of origin 
determination? 
 
In order to address the research questions, the following objectives were accomplished:  
➢ Optimisation of GigaPan® hardware and photographic capture parameters; 
➢ Evaluation of image stitching software options; 
➢ Evaluation and optimisation of the dimensional integrity of captured panoramic 
images; 
➢ Assessment of the accuracy of panoramic images for conducting area of origin 
calculations; 
➢ Evaluation of the developed GigaPan®-based panoramic imaging technique for 
supporting BPA in a simulated crime scene scenario.  
 
Optimisation of the method parameters as outlined in the first three objectives of this research 
demonstrated that panoramic imaging technology is capable of producing detailed, high-
resolution images of a defined area with minimal distortion. The following parameters were 
evaluated and optimised: i) hardware and photographic parameters, including subject to camera 
distance, picture overlap percentage and picture order settings; ii) image stitching software; iii) 
image integrity including utilisation of perspective correction tools. 
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The fourth objective of this research was to evaluate the capability of the digital panoramic 
imaging system to capture sufficient detail for accurate off-site blood spatter analysis. The 
developed/optimised GigaPan® imaging method was employed to capture panoramic images 
of a scene containing blood spatter, and the images were successfully used for area of origin 
(AO) calculations. The images were able to effectively establish the AO for the blood spatter 
within the accepted error rate of AO calculations. This demonstrates that panoramic imaging 
has the potential to be a valuable technique for off-site blood spatter analysis.  
A final experiment was conducted to determine whether the optimised method determined 
could be successfully applied in a simulated crime scene scenario. The results collected from 
this research demonstrated that the method was again able to provide an AO within the error 
rate of bloodstain pattern analysis. This result further demonstrated that the method could be 
suitable for deployment to real-life scenarios once validated by BPA experts. 
In conclusion, the benefits of implementing digital panoramic imaging for the capturing of 
blood spatter evidence at crime scenes include: 
➢ Automated panoramic imaging collection increases the speed and efficiency of visual 
data gathering from scenes. 
➢ Detailed images which help preserve evidence and can be used off-site for later 
analysis. 
➢ Images can assist with presentation and communication of complex evidence in courts. 
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4.2 Future Research  
Although the optimised method is found suitable for application in crime scenes, further 
research is recommended. This includes:  
 
➢ An examination of the effects that irregular surfaces (e.g. corners or curved walls) could 
have on the analysis of blood spatter through the use of panoramic imaging.  
 
➢ The advancement of this work through the application of further validation methods. 
This research would benefit greatly from conducting a survey in which blood spatter 
experts are able to validate the method described in this thesis. Obtaining and validating 
the information gathered from BPA experts will provide more insight on the errors 
margin associated with this method as well as its application in real crime scene 
scenarios. 
 
➢ The addition of 360° visualisation technologies and 3D modelling. These technologies 
have been implemented as a means of increasing productivity and effectiveness in the 
documentation of crime scenes. These innovations assist not only the crime scene 
investigators with the documentation of a scene, but further assist forensic scientists 
responsible for analysing the evidence later in the laboratory, as well as police and 
related members of the criminal justice system (Hons, Cassella & Fieldhouse 2017; 
Raneri 2018). This same approach can be put into operation with the GigaPan® imaging 
system, allowing for an exact representation of a scene of crime, where spatial 
relationships between items of evidence are recorded in context. This can be helpful 
particularly when presented as evidence in court, as it allows the viewer to immerse 
themselves in a crime scene and navigate through that environment. 
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 Examples of source images captured for the stitching 
of the established panoramic images.  
Table A1. 1: Example of source images captured with the use of a 50 mm macro lens at an 
overlap percentage of 60 %.  
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Table A1. 2: Example of source images captured with the use of a 100 mm macro lens at an 
overlap percentage of 30 %.  
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Table A1. 3: Example of source images captured using the column-right picture order 
setting.  
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Table A1. 4: Example of source images captured using the row-up picture order setting. 
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Table A1. 5: Example of source images captured for establishing stitched panoramic image 
of a blood spatter pattern.  
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 Time and picture number variables associated with 
picture overlap percentage 
 
Table A2. 1: Picture overlap setting vs the number of required source images and the time 
need to capture the images 
Repeat 1 Camera Settings 50 mm lens Camera Settings 100 mm lens 
Picture Overlap Images (n) Time Images (n) Time 
25 % 6 39 s 24 2 min 29 s 
30 % 6 32 s 24 2 min 33 s 
35 %  6 39 s 24 2 min 03 s 
40 % 8 50 s 24 2 min 27 s 
45 % 12 1 min 15 s 30 3 min 04 s 
50 % 12 1 min 16 s 35 3 min 29 s 
55 % 12 1 min 15 s  40 3 min 55 s 
60 % 12 1 min 14 s 45 4 min 19 s 
65 % 12 1 min 15 s 60 5 min 43 s 
70 % 15 1 min 29 s 77 7 min 15 s 
75 % 18 1 min 44 s 104 9 min 38 s 
Repeat 2 Camera Settings 50 mm lens Camera Settings 100 mm lens 
Picture Overlap Images (n) Time Images (n) Time 
25 % 6 38 s 20 2 min 07 s 
30 % 6 38 s 24 2 min 27 s 
35 %  6 38 s 24 2 min 27 s 
40 % 6 39 s 24 2 min 26 s 
45 % 6 38 s 35 3 min 30 s 
50 % 8 48 s 35 3 min 35 s 
55 % 8 48 s 40 3 min 54 s 
60 % 8 48 s N/A N/A 
65 % 8 48 s N/A N/A 
70 % 15 1 min 30 s N/A N/A 
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75 % 18 1 min 44 s N/A N/A 
Repeat 3 Camera Settings 50 mm lens Camera Settings 100 mm lens 
Picture Overlap Images (n) Time Images (n) Time 
25 % 6 38 s 20 2 min 06 s 
30 % 6 38 s 20 2 min 06 s 
35 %  6 38 s 24 2 min 25 s 
40 % 6 38 s 24 2 min 26 s 
45 % 6 38 s 24 3 min 30 s 
50 % 8 48 s 35 3 min 29 s 
55 % 8 48 s 40 3 min 53 s 
60 % 8 48 s N/A N/A 
65 % 8 48 s N/A N/A 
70 % 15 1 min 28 s N/A N/A 
75 % 18 1 min 43 s N/A N/A 
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 Raw measurements taken for determining optimum 
overlap percentage  
Table A3. 1: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 25 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 1 
25 % 
 
1 2 3 4 5 6 7 
1576.78 1588.6 1588.58 1614.5 1615.52 1588.51 1637.52 
1576.08 1588.25 1589.65 1613.01 1615.59 1588.98 1637.59 
1576.08 1588.43 1588.81 1613.44 1615.02 1589.08 1638.17 
8 9 10 11 12 13 14 
1587.51 1629.31 1599.66 1644.5 1622.5 1598.68 1648.5 
1587.65 1629.49 1599.58 1645.43 1622.43 1599.31 1647.58 
1587.66 1628.5 1599.66 1645.43 1623.29 1598.67 1648.29 
15 16 17 18 19 20 21 
1651.75 1652.58 1635.5 1661.25 1653.5 1668.75 1669.39 
1651.91 1652.52 1636.43 1661.75 1654.29 1668.87 1669.77 
1651.94 1652.66 1636.29 1661.25 1653.86 1669.29 1669.45 
22 23 24 25 26 27 28 
1669 1669.85 1670.5 1689.14 1699.33 1667.27 1709.25 
1668.57 1669.49 1669.43 1689.06 1700.08 1667.73 1709.72 
1668.57 1669.59 1669.57 1689.08 1699.93 1667.3 1710.29 
29 30 31 32 33 34 35 
1666.53 1708.75 1718.39 1689.26 1732.4 1695.53 1698.93 
1666.45 1709.34 1718.76 1688.58 1732.62 1696.76 1698.87 
1666.45 1708.58 1719.43 1689.58 1732.57 1695.6 1698.85 
36 37 38 39 40 41 42 
1713.37 1684.66 1717.5 1687.81 1737.75 1724.36 1706.61 
1713.55 1684.72 1717.77 1686.77 1737.43 1724.5 1707.63 
1712.68 1684.43 1717.81 1686.92 1738.06 1724.52 1707.34 
43 44 
1718.15 1714.51 
1718.06 1713.72 
1718.24 1713.87 
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Table A3. 2: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 30 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 1 
30 % 
 
1 2 3 4 5 6 7 
1666.78 1679.69 1676.38 1686.67 1695.34 1670.67 1703.33 
1666.6 1679 1676.5 1686.67 1695.01 1670.7 1703.25 
1666.58 1679.08 1676.4 1686.69 1695 1670.69 1703.54 
8 9 10 11 12 13 14 
1670.67 1696.33 1677.33 1702.34 1681.7 1670.75 1692.67 
1670.67 1696.55 1677.4 1702.26 1681.5 1670.8 1692.5 
1670.69 1696.7 1677.15 1702.3 1681.52 1670.98 1692.36 
15 16 17 18 19 20 21 
1724.4 1720.34 1697 1719.67 1706.67 1728.34 1722.34 
1724.38 1720.25 1697.27 1719.7 1706.26 1728.4 1722.35 
1724.38 1720.36 1697.32 1719.52 1706.43 1728.29 1722.39 
22 23 24 25 26 27 28 
1713 1717.72 1701.33 1733.49 1739.34 1715 1743.33 
1713.08 1717.65 1701.43 1733.52 1739.3 1715.07 1743.33 
1713.5 1717.38 1701.36 1733.5 1739.27 1715.08 1743.28 
29 30 31 32 33 34 35 
1707.34 1742.33 1745.67 1716.33 1752.75 1712.68 1713.38 
1707.51 1742.5 1745.67 1716.53 1752.7 1712.63 1713.25 
1707.62 1743.28 1745.24 1716.43 1752.54 1712.63 1713.29 
36 37 38 39 40 41 42 
1723.34 1720.37 1721.33 1710.67 1718.33 1723.33 1723.68 
1723.4 1720.45 1721.25 1710.68 1718.3 1723.34 1723.73 
1723.58 1720.5 1721.08 1710.45 1718.45 1723.42 1723.68 
43 44 
1711.69 1719.33 
1711.72 1719.25 
1711.62 1719.22 
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Table A3. 3: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 35 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 1 
35 % 
 
1 2 3 4 5 6 7 
1681.57 1697.29 1681.51 1706.28 1697.62 1668.5 1705.27 
1681.49 1697.34 1681.37 1706.32 1697.54 1668.62 1705.27 
1681.28 1697.4 1681.28 1706.28 1697.7 1668.79 1705.32 
8 9 10 11 12 13 14 
1668.25 1680.53 1667.51 1686.52 1653.63 1655.8 1667.52 
1668.27 1680.52 1667.61 1686.48 1653.74 1655.72 1667.58 
1668.52 1680.68 1667.59 1686.42 1653.69 1655.84 1667.59 
15 16 17 18 19 20 21 
1735.29 1721.25 1716.5 1716.25 1707.5 1721.5 1710.26 
1735.29 1721.32 1716.62 1716.22 1707.45 1721.54 1710.34 
1735.17 1721.29 1716.62 1716.29 1707.39 1721.57 1710.49 
22 23 24 25 26 27 28 
1693.25 1698.75 1673.25 1741.6 1739.25 1733.51 1732.5 
1693.34 1698.58 1673.25 1741.56 1739.4 1733.64 1732.52 
1693.52 1698.38 1673.54 1741.64 1739.56 1733.72 1732.46 
29 30 31 32 33 34 35 
1707.51 1732.25 1728.01 1699.52 1729.09 1686.5 1722.04 
1707.48 1732.3 1728.09 1699.58 1729.1 1686.69 1722.25 
1707.29 1732.33 1729.17 1699.58 1729.13 1686.67 1722.22 
36 37 38 39 40 41 42 
1719.51 1740.52 1712.51 1707.55 1706.5 1703.5 1704.78 
1719.38 1740.63 1712.52 1707.49 1706.48 1703.5 1704.82 
1719.51 1740.39 1712.53 1707.23 1706.5 1703.33 1704.78 
43 44 
1687.52 1689.58 
1687.47 1689.75 
1686.54 1689.73 
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Table A3. 4: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 40 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 1 
40 % 
 
1 2 3 4 5 6 7 
1674.35 1684 1676.76 1696.25 1697.02 1671.25 1703.25 
1674.19 1684.09 1676.85 1696.34 1697.12 1671.36 1703.59 
1674.28 1683.89 1676.25 1696.45 1697.24 1671.4 1703.5 
8 9 10 11 12 13 14 
1670.25 1691 1671.51 1696.75 1679.29 1668.57 1688.52 
1670.39 1691.39 1672.49 1696.86 1679.42 1668.4 1688.38 
1670.33 1691.52 1672.52 1696.72 4679.36 1668.33 1688.59 
15 16 17 18 19 20 21 
1727.32 1721.02 1706.25 1718.5 1708 1727.25 1720.51 
1727.59 1720.98 1706.32 1718.29 1707.88 1727.38 1720.5 
1727.63 1720.79 1706.46 1718.29 1707.72 1727.36 1720.32 
22 23 24 25 26 27 28 
1705.25 1713.3 1695.25 1738.42 1743.26 1725.5 1740.7 
1705.09 1713.09 1696 1738.62 1743.22 1725.58 1740.66 
1705.1 1713.1 1696.13 1738.81 1743.43 1725.38 1740.65 
29 30 31 32 33 34 35 
1707.5 1741.25 1740.51 1712.25 1747.32 1709.26 1719.55 
1707.36 1741.25 1740.68 1712.39 1474.29 1709.25 1719.49 
1707.29 1741.39 1740.5 1712.4 1747.29 1709.34 1719.52 
36 37 38 39 40 41 42 
1725.27 1729.5 1722.02 1710.5 1717.51 1719.25 1721 
1725.09 1729.5 1721.92 1710.38 1717.49 1719.52 1721.11 
1725.11 1729.5 1721.89 1710.49 1717.63 1719.51 1721.32 
43 44 
1708.53 1714.25 
1708.68 1714.68 
1708.66 1714.65 
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Table A3. 5: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 45 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 1 
45 % 
 
1 2 3 4 5 6 7 
1653.37 1659.77 1663.28 1669.5 1679.26 1656.5 1691.25 
1653.4 1659.6 1663.22 1669.42 1679.32 1656.62 1690.98 
1653.39 1659.59 1663.29 1669.38 1679.49 1656.7 1690.72 
8 9 10 11 12 13 14 
1656.25 1685.5 1660.53 1688.5 1666.54 1655.38 1678.51 
1656.28 1685.29 1660.89 1688.72 1666.34 1655.45 1678.49 
1656.19 1685.3 1660.75 1688.5 1666.25 1655.22 1678.52 
15 16 17 18 19 20 21 
1711.07 1705.25 1681.5 1707.25 1693.5 1717.25 1711.51 
1711 1705.3 1681.32 1707.32 1693.5 1717.3 1711.38 
1711.02 1705.28 1681.29 1707.39 1693.25 1717.25 1711.5 
22 23 24 25 26 27 28 
1698.25 1705.58 1686.25 1724.4 1730.76 1697.5 1733.25 
1698.09 1705.75 1686.25 1724.5 1730.64 1697.43 1733.29 
1698.39 1705.69 1686.11 1724.5 1730.75 1697.59 1733.25 
29 30 31 32 33 34 35 
1698 1730.75 1737.76 1705.5 1741.33 1698.5 1697.27 
1697.87 1703.82 1737.82 1705.25 1741.5 1698.49 1697.3 
1697.92 1703.82 1737.79 1705.38 1741.52 1698.5 1697.22 
36 37 38 39 40 41 42 
1707.5 1703.55 1708.51 1694.5 1703.5 1706.25 1709.51 
1707.25 1703.5 1708.5 1694.5 1703.52 1706.2 1709.4 
1707.3 1703.5 1708.39 1694.39 1703.5 1706.32 1709.5 
43 44 
1700.27 1704.51 
1700.22 1704.5 
1700 1704.33 
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Table A3. 6: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 50 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 1 
50 % 
 
1 2 3 4 5 6 7 
1570 1574.76 1580.8 1602.58 1612.86 1582.52 1632.82 
1569.87 1574.96 1580.42 1602.5 1612.72 1583.7 1632.75 
1569.9 1574.89 1580.4 1602.25 1612.36 1583.94 1632.88 
8 9 10 11 12 13 14 
1584.28 1627.46 1600.53 1648.53 1629.54 1601.25 1653.55 
1584.1 1627.46 1600.49 1648.09 1629.34 1601.12 1653.78 
1584.02 1627.5 1600.63 1648.1 1629.52 1601 1653.92 
15 16 17 18 19 20 21 
1645.09 1653.53 1624.01 1663.52 1651.01 1670.28 1673.77 
1644.98 1653.25 1623.87 1663.36 1652 1670.5 1673.65 
1644.5 1653.35 1623.75 1663.39 1651.88 1670.62 1673.92 
22 23 24 25 26 27 28 
1672.01 1678.02 1677.53 1687.96 1698.77 1656.51 1710.5 
1671.89 1678.38 1677.84 1687.82 1698.66 1656.39 1710.5 
1671.98 1678.42 1677.72 1687.78 1698.72 1656.42 1710.52 
29 30 31 32 33 34 35 
1664.26 1710.51 1721 1693.5 1741.88 1703.53 1689.49 
1664.2 1710.39 1721 1693.52 1741.59 1703.49 1689.5 
1665.15 1710.5 1720.98 1693.34 1741.62 1703.5 1689.49 
36 37 38 39 40 41 42 
1708.53 1672.66 1718.26 1682.56 1713.52 1726.66 1712.58 
1708.42 1672.99 1718.39 1682.5 1713.5 1726.3 1712.38 
1708.5 1672.75 1718.25 1682.52 1713.5 1726.33 1712.49 
43 44 
1723.01 1722.52 
1723.58 1722.5 
1723.59 1722.5 
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Table A3. 7: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 55 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 1 
55 % 
 
1 2 3 4 5 6 7 
1586 1604.01 1590.72 1629.6 1622.6 1587.6 1642.6 
1585.89 1603.85 1590.7 1629.54 1622.54 1587.59 1642.62 
1585.89 1603.37 1590.75 1629.5 1622.5 1587.4 1642.6 
8 9 10 11 12 13 14 
1586.8 1620.4 1591.73 1637.41 1601.66 1583.19 1624.6 
1586.88 1620.39 1592.02 1637.45 1601.5 1583.1 1624.72 
1586.94 1620.43 1593 1637.52 1601.52 1583.02 1624.6 
15 16 17 18 19 20 21 
1666.15 1664.13 1652.6 1664.2 1662.6 1672.2 1661.3 
1666.25 1664.1 1652.34 1664.32 1662.54 1672.02 1661.1 
1666.3 1664.25 1652.3 1664.4 1662.29 1671.87 1661.25 
22 23 24 25 26 27 28 
1658.61 1658.27 1645.6 1709.12 1708.71 1684.5 1707.6 
1658.5 1658.54 1645.6 1709.43 1708.94 1684.52 1707.5 
1658.39 1658.34 1645.12 1709.45 1708.79 1684.5 1707.5 
29 30 31 32 33 34 35 
1678 1707.8 1711.4 1677.6 1713.11 1671.6 1709.21 
1678.02 1707.69 1711.25 1677.59 1712.87 1671.6 1709.3 
1678.11 1707.6 1711.34 1677.62 1712.55 1671.59 1709.25 
36 37 38 39 40 41 42 
1716.11 1703.42 1715.02 1688.6 1709.6 1710.66 1697.6 
1716.02 1703.28 1715 1688.5 1709.75 1710.94 1697.32 
1716 1703.29 1715.1 1688.5 1709.95 1710.52 1697.4 
43 44 
1698.89 1686.43 
1698.64 1686.33 
1698.12 1686.5 
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Table A3. 8: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 60 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 1 
60 % 
 
1 2 3 4 5 6 7 
1573.36 1579.69 1581.76 1608.42 1611.21 1582 1635.41 
1573.4 1580.02 1581.34 1608.4 1611.39 1582.1 1635.29 
1573.4 1580.11 1581.54 1608.39 1611.49 1582.02 1635.39 
8 9 10 11 12 13 14 
1581.61 1623.62 1589.58 1644.6 1609.61 1586.74 1636.8 
1581.75 1623.6 1589.52 1644.39 1609.5 1586.79 1636.72 
1581.64 1623.58 1589.5 1644.52 1609.36 1586.77 1636.82 
15 16 17 18 19 20 21 
1666.15 1664.13 1652.6 1664.2 1662.6 1672.2 1661.3 
1666.25 1664.1 1652.34 1664.32 1662.54 1672.02 1661.1 
1666.3 1664.25 1652.3 1664.4 1662.29 1671.87 1661.25 
22 23 24 25 26 27 28 
1658.61 1658.27 1645.6 1709.12 1708.71 1684.5 1707.6 
1658.5 1658.54 1645.6 1709.43 1708.94 1684.52 1707.5 
1658.39 1658.34 1645.12 1709.45 1708.79 1684.5 1707.5 
29 30 31 32 33 34 35 
1678 1707.8 1711.4 1677.6 1713.11 1671.6 1709.21 
1678.02 1707.69 1711.25 1677.59 1712.87 1671.6 1709.3 
1678.11 1707.6 1711.34 1677.62 1712.55 1671.59 1709.25 
36 37 38 39 40 41 42 
1716.11 1703.42 1715.02 1688.6 1709.6 1710.66 1697.6 
1716.02 1703.28 1715 1688.5 1709.75 1710.94 1697.32 
1716 1703.29 1715.1 1688.5 1709.95 1710.52 1697.4 
43 44 
1698.89 1686.43 
1698.64 1686.33 
1698.12 1686.5 
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Table A3. 9: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 65 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 1 
65 % 
 
1 2 3 4 5 6 7 
1567.66 1577.63 1581.61 1604.26 1611.28 1582.76 1635.02 
1567.67 1577.6 1582 1604.39 1611.2 1582.7 1634.87 
1567.5 1577.5 1582.02 1604.4 1611.29 1582.69 1634.52 
8 9 10 11 12 13 14 
1583.01 1625.28 1592.66 1642 1615.5 1590.23 1642.5 
1582.99 1625.49 1592.6 1641.75 1615.62 1590.18 1642.49 
1582.82 1625.5 1592.74 1641.68 1615.6 1590.03 1642.39 
15 16 17 18 19 20 21 
1652.9 1652.37 1631.26 1662.5 1653.5 1669.5 1669.66 
1653.01 1652.38 1631.29 1662.5 1653.5 1669.45 1669.54 
1653.21 1652.4 1631.5 1662.44 1653.49 1669.38 1670 
22 23 24 25 26 27 28 
1667.25 1674.22 1668.25 1688.68 1703.35 1658.78 1712.5 
1667.29 1674.25 1668.25 1688.5 1703.49 1658.5 1712.5 
1667.3 1674.39 1668.2 1688.37 1703.5 1658.5 1712.38 
29 30 31 32 33 34 35 
1668.04 1711.5 1719.63 1690.51 1730.03 1692.55 1690.87 
1668 1711.49 1720.01 1690.49 1730 1692.5 1691.12 
1667.98 1711.38 1720 1690.33 1730.11 1692.47 1691.13 
36 37 38 39 40 41 42 
1707.6 1678.48 1716 1687.35 1710.5 1718.58 1704.07 
1707.6 1678.5 1716.12 1687.4 1710.44 1718.6 1704.22 
1707.58 1678.53 1716.39 1687.32 1710.58 1718.5 1704.3 
43 44 
1713.56 1709.25 
1713.54 1709.3 
1713.5 1709.54 
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Table A3. 10: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 70 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 1 
70 % 
 
1 2 3 4 5 6 7 
1570.1 1578.37 1582.59 1604.52 1612.54 1584.5 1630.03 
1570.33 1578.29 1582.42 1604.53 1612.5 1584.5 1630.29 
1570.4 1578.42 1582.39 1604.5 1612.5 1584.59 1630.42 
8 9 10 11 12 13 14 
1584.25 1624 1595.67 1643.51 1629.52 1601.43 1654.26 
1584.29 1623.87 1595.62 1643.5 1629.64 1601.5 1654.29 
1584.37 1623.99 1595.78 1643.34 1629.6 1601.43 1654.32 
15 16 17 18 19 20 21 
1647.24 1650.58 1628.5 1660.5 1648.5 1667.5 1672.9 
1647.3 1650.38 1628.29 1660.33 1648.39 1667.44 1672.82 
1647.29 1650.22 1628.47 1660.47 1648.26 1667.39 1673.02 
22 23 24 25 26 27 28 
1606.25 1677.1 1677.25 1686.91 1699.57 1658.78 1709 
1606.12 1676.97 1677.34 1686.86 1699.5 1659.02 1709 
1606.1 1677.03 1677.5 1687.05 1699.5 1659 1709.32 
29 30 31 32 33 34 35 
1663.53 1709 1720.65 1687.53 1737.9 1703.82 1692.92 
1663.42 1709.15 1720.6 1687.44 1738.09 1702.83 1693.03 
1663.53 1709.2 1720.75 1687.49 1737.72 1702.97 1693 
36 37 38 39 40 41 42 
1706.36 1675.69 1716.25 1679.62 1711.25 1722.35 1708.77 
1706.4 1675.6 1716.02 1679.7 1711.12 1722.49 1708.63 
1706.42 1675.58 1716 1679.49 1711.16 1722.5 1708.52 
43 44 
1723.71 1722.5 
1724 1722.8 
1723.93 1722.68 
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Table A3. 11: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 75 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 1 
75 % 
 
1 2 3 4 5 6 7 
1567.2 1568.54 1575.68 1600.54 1607.53 1576.75 1634.02 
1567.42 1568.5 1575.5 1600.55 1607.49 1576.75 1634.1 
1567.5 1568.5 1575.29 1600.49 1607.32 1576.72 1634 
8 9 10 11 12 13 14 
1576.25 1621.78 1587.48 1643 1602.51 1579.5 1630.75 
1576.43 1621.84 1587.5 1643 1602.37 1579.5 1630.77 
1576.4 1621.75 1587.53 1643 1602.5 1579.5 1630.75 
15 16 17 18 19 20 21 
1645.8 1655.36 1624.5 1665.25 1654.5 1671.5 1668.42 
1645.72 1655.4 1624.5 1665.39 1654.44 1671.29 1668.39 
1645.89 1655.43 1624.52 1665.52 1654.38 1671.39 1668.4 
22 23 24 25 26 27 28 
1663.5 1668.2 1657.26 1691.82 1700.56 1653.52 1709.5 
1663.52 1668.34 1657.34 1692.02 1700.47 1653.49 1709.55 
1663.78 1668.24 1657.5 1692.04 1700.36 1653.53 1709.5 
29 30 31 32 33 34 35 
1670.27 1709.75 1715.63 1686.25 1728.06 1680.78 1683.24 
1670.17 1709.6 1715.5 1686.36 1727.88 1680.82 1682.87 
1670.25 1709.62 1715.29 1686.5 1728.12 1680.69 1682.97 
36 37 38 39 40 41 42 
1700.3 1667.71 1709.51 1679.59 1705.26 1709.55 1705.77 
1700.25 1667.83 1709.38 1679.5 1705.54 1709.39 1705.64 
1700.09 1667.73 1709.4 1679.87 1705.5 1709.39 1705.49 
43 44 
1701.71 1695.5 
1701.39 1695.6 
1701.43 1695.46 
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Table A3. 12: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 25 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 2 
25 % 
 
1 2 3 4 5 6 7 
1545.85 1541.79 1561.95 1559.86 1581.75 1570.63 1591.27 
1545.78 1541.68 1561.89 1559.72 1581.86 1570.43 1591.58 
1545.92 1541.63 1562.02 1559.73 1581.69 1570.58 1591.37 
8 9 10 11 12 13 14 
1570.39 1606.63 1585.6 1616.34 1622.12 1594.66 1635.41 
1570.43 1606.52 1585.6 1616.57 1622.3 1594.74 1635.43 
1570.45 1606.59 1585.49 1616.39 1622.06 1594.78 1635.33 
15 16 17 18 19 20 21 
1602.47 1610.98 1574.52 1624.59 1600.38 1630.67 1639.67 
1602.62 1610.9 1574.44 1624.43 1600.46 1630.57 1639.74 
1602.36 1611.1 1574.64 1624.38 1600.59 1630.59 1639.5 
22 23 24 25 26 27 28 
1629.94 1649.37 1647.23 1620.69 1638.43 1591.53 1652.49 
1629.88 1649.57 1647.45 1620.71 1638.6 1591.61 1652.44 
1629.8 1649.27 1647.37 1620.58 1638.52 1591.45 1652.45 
29 30 31 32 33 34 35 
1605.76 1653.68 1668.73 1639.69 1690.47 1664.83 1609.54 
1605.9 1653.43 1668.59 1639.76 1690.58 1664.7 1609.69 
1605.89 1653.39 1668.92 1639.6 1690.39 1665.02 1609.39 
36 37 38 39 40 41 42 
1627.39 1600.02 1642.11 1613.5 1637.62 1652.37 1649.76 
1627.48 1600.1 1642.01 1613.6 1637.58 1652.58 1649.9 
1627.43 1600.3 1642.15 1613.27 1637.6 1652.28 1649.86 
43 44 
1659.6 1673.03 
1659.64 1672.93 
1659.55 1672.89 
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Table A3. 13: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 30 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 2 
30 % 
 
1 2 3 4 5 6 7 
1538.7 1535.54 1558.39 1552.21 1583.62 1567.42 1592.3 
1538.75 1535.6 1558.69 1552.33 1583.78 1567.5 1592.39 
1538.85 1535.6 1558.72 1552.43 1583.92 1567.62 1592.44 
8 9 10 11 12 13 14 
1567.68 1604.6 1585.45 1621.48 1620.56 1592.36 1635.65 
1567.75 1604.62 1585.44 1621.3 1620.43 1592.45 1635.47 
1567.75 1604.68 1585.3 1621.29 1620.3 1592.55 1635.43 
15 16 17 18 19 20 21 
1601.12 1609.03 1564.29 1623.52 1601.99 1630.36 1643.35 
1601.03 1608.92 1564.39 1623.6 1601.89 1630.42 1643.27 
1600.98 1608.71 1564.44 1623.75 1601.75 1630.75 1643.43 
22 23 24 25 26 27 28 
1634.12 1654.09 1651.42 1622.77 1640.5 1586.69 1656.7 
1634.28 1654.12 1651.39 1622.8 1640.37 1586.72 1656.73 
1634.03 1654.07 1651.46 1622.95 1640.54 1586.61 1656.64 
29 30 31 32 33 34 35 
1606.32 1656.69 1673.4 1646.5 1695.63 1666.05 1607.76 
1606.59 1656.7 1673.28 1646.39 1695.46 1665.96 1607.87 
1606.77 1656.62 1673.43 1646.5 1695.65 1666.04 1607.79 
36 37 38 39 40 41 42 
1630.22 1595.11 1646.3 1613.78 1641.75 1657.37 1655.49 
1630.28 1594.96 1646.39 1613.85 1641.72 1657.5 1655.5 
1630.4 1594.82 1646.47 1613.95 1641.61 1657.58 1655.55 
43 44 
1661.43 1675.98 
1661.39 1675.87 
1661.58 1675.97 
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Table A3. 14: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 35 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 2 
35 % 
 
1 2 3 4 5 6 7 
1527.79 1523.28 1546.63 1532.57 1568.05 1554.52 1577.29 
1527.63 1523.36 1546.58 1532.69 1567.92 1554.39 1577.3 
1527.83 1523.39 1546.47 1532.38 1567.98 1554.39 1577.64 
8 9 10 11 12 13 14 
1556.02 1597.79 1578.38 1608.43 1625.7 1593.54 1633.58 
1555.98 1597.86 1578.3 1608.29 1625.54 1593.63 1633.76 
1556.13 1597.92 1578.49 1608.39 1625.68 1593.62 1633.73 
15 16 17 18 19 20 21 
1582.92 1595.83 1552.18 1612.39 1585.47 1618.78 1633.38 
1583.05 1595.79 1552.09 1612.48 1585.37 1618.69 1633.42 
1583.12 1595.76 1552.09 1612.53 1585.36 1618.62 1633.3 
22 23 24 25 26 27 28 
1616.46 1638.53 1658.57 1603.01 1620.4 1567.23 1636.45 
1616.4 1638.5 1658.62 1603.12 1620.28 1567.33 1638.56 
1616.59 1638.49 1658.5 1602.87 1620.39 1567.2 1636.39 
29 30 31 32 33 34 35 
1593.09 1637.43 1656.51 1635.7 1692.42 1664.95 1597.91 
1592.89 1637.27 1656.37 1635.83 1692.43 1665.02 1597.86 
1593.11 1637.4 1656.47 1635.62 1692.59 1665.07 1597.9 
36 37 38 39 40 41 42 
1615.62 1585.32 1638.28 1599.04 1628.48 1649.5 1643.37 
1615.38 1582.28 1633.33 1599.11 1628.5 1649.5 1643.26 
1615.38 1585.27 1633.3 1599.12 1628.52 1649.37 1643.28 
43 44 
1665.62 1687.85 
1665.58 1687.92 
1665.38 1687.99 
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Table A3. 15: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 40 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 2 
40 % 
 
1 2 3 4 5 6 7 
1534.42 1524.68 1552.39 1539.28 1563.74 1556.5 1573.52 
1534.39 1524.54 1552.71 1539.43 1563.87 1556.64 1573.43 
1534.49 1524.63 1552.69 1539.5 1563.7 1556.39 1573.49 
8 9 10 11 12 13 14 
1555.78 1592.69 1576.49 1607.38 1611.54 1583.29 1617.29 
1555.62 1592.76 1576.58 1607.72 1611.6 1583.61 1617.43 
1555.78 1592.64 1576.68 1607.58 1611.59 1583.72 1617.29 
15 16 17 18 19 20 21 
1582.78 1590.57 1545.39 1602.48 1585.36 1610.48 1621.48 
1582.66 1590.43 1545.45 1602.44 1585.6 1610.3 1621.57 
1582.58 1590.5 1545.39 1602.5 1585.6 1610.29 1621.73 
22 23 24 25 26 27 28 
1614.6 1653.26 1629.78 1602.11 1617.28 1566.6 1634.58 
1614.6 1653.18 1629.88 1602.09 1617.69 1566.61 1634.63 
1614.32 1635.2 1629.97 1602 1617.6 1566.52 1634.29 
29 30 31 32 33 34 35 
1592.11 1653.39 1652.62 1626.78 1677.78 1646.52 1593.05 
1595.22 1635.19 1625.57 1626.65 1677.68 1646.63 1592.92 
1592.37 1634.29 1652.64 1626.6 1677.4 1646.5 1593.05 
36 37 38 39 40 41 42 
1614.39 1583.69 1624.39 1598.01 1620.79 1640.38 1632.45 
1614.54 1583.77 1624.6 1598.15 1620.6 1640.58 1632.41 
1614.39 1583.69 1624.58 1598.12 1620.38 1640.8 1632.27 
43 44 
1649.29 1665.88 
1649.34 1666.08 
1649.28 1666 
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Table A3. 16: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 45 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 2 
45 % 
 
1 2 3 4 5 6 7 
1550.55 1552.33 1568.61 1571.15 1591.14 1570.3 1606.14 
1550.49 1552.35 1568.72 1571.22 1591.02 1570.26 1606.2 
1550.5 1552.29 1568.58 1571.22 1591.12 1570.29 1606.15 
8 9 10 11 12 13 14 
1570.16 1602.71 1578.86 1612.88 1594.19 1573.98 1612.01 
1570.19 1602.58 1578.9 1612.97 1594.15 1573.82 1611.87 
1570.15 1602.66 1578.92 1612.79 1594.02 1574.1 1611.87 
15 16 17 18 19 20 21 
1620.46 1621.45 1585.15 1629.06 1616.17 1635.76 1635.71 
1620.5 1621.38 1585.23 1629 1616.29 1635.62 1635.85 
1620.33 1621.54 1585.12 1628.87 1616.03 1635.76 1635.89 
22 23 24 25 26 27 28 
1629.16 1637.05 1624.16 1639.12 1650.24 1605.09 1658.18 
1629.15 1637.11 1624.1 1639.15 1650.39 1605.1 1658.15 
1629.2 1636.9 1624.16 1639 1650.39 1605.21 1658.12 
29 30 31 32 33 34 35 
1623.24 1658.33 1665.85 1637.08 1678.9 1639.42 1617.14 
1623.35 1658.5 1665.72 1637.21 1678.02 1639.38 1617.1 
1623.34 1658.2 1665.76 1637.1 1678.05 1639.59 1617.2 
36 37 38 39 40 41 42 
1635.07 1609.96 1643.93 1621.36 1639.36 1645.86 1646.88 
1635.22 1609.87 1643.92 1621.12 1639.42 1645.76 1646.76 
1635.29 1609.87 1644.03 1621.4 1639.28 1645.75 1646.78 
43 44 
1638 1645.19 
1637.87 1645.32 
1637.95 1645.09 
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Table A3. 17: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 50 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 2 
50 % 
 
1 2 3 4 5 6 7 
1561 1564.22 1569.13 1576.42 1588.39 1571.86 1591.09 
1561.1 1564.3 1569.2 1576.57 1588.57 1571.91 1591 
1561 1564.2 1569.33 1576.54 1588.43 1571.87 1590.84 
8 9 10 11 12 13 14 
1571.9 1602.17 1585.99 1612.39 1620.62 1596.98 1634.28 
1571.91 1602.2 1585.71 1612.43 1620.59 1596.89 1634.14 
1572.02 1602.12 1585.6 1612.38 1620.5 1596.77 1634.3 
15 16 17 18 19 20 21 
1611.39 1613.15 1588.34 1624.1 1601.3 1630.75 1635.15 
1611.25 1613.1 1588.29 1624.15 1601.46 1630.86 1635.14 
1611.3 1613.02 1588.42 1624.39 1601.36 1630.74 1635.1 
22 23 24 25 26 27 28 
1619.44 1642.87 1643.73 1626.74 1644.02 1612.03 1652.25 
1619.58 1643.03 1643.89 1626.83 1644.11 1612.12 1652.18 
1619.5 1643.05 1643.79 1626.73 1644 1612 1652.72 
29 30 31 32 33 34 35 
1609.54 1651.82 1668.1 1639.74 1682 1661.25 1626.13 
1609.69 1651.9 1668.14 1639.85 1682.11 1661.81 1626.21 
1609.49 1651.65 1668.39 1639.78 1682.03 1661.09 1626.19 
36 37 38 39 40 41 42 
1634.89 1620.78 1645.28 1616.55 1641.12 1651.79 1648.22 
1634.76 1620.69 1645.07 1616.7 1641.21 1651.85 1648.16 
1634.89 1620.78 1645.12 1616.59 1641.39 1651.5 1648.12 
43 44 
1659.55 1674.52 
1659.48 1674.6 
1659.36 1674.74 
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Table A3. 18: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 55 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 2 
55 % 
 
1 2 3 4 5 6 7 
1567.94 1570 1571.34 1578 1587.43 1572.48 1586 
1568.03 1569.89 1571.28 1577.87 1587.35 1572.59 1586.02 
1568.04 1570.03 1571.28 1577.98 1587.32 1572.48 1586.01 
8 9 10 11 12 13 14 
1570.76 1592.08 1586.28 1602.71 1623.76 1599.57 1626.71 
1570.86 1592.13 1586.12 1602.84 1623.7 1599.68 1626.34 
1570.89 1592.11 1586.22 1602.68 1623.68 1599.43 1626.84 
15 16 17 18 19 20 21 
1602.02 1605.91 1587.88 1614.89 1589.75 1622.17 1626 
1602.1 1606.1 1587.59 1614.92 1589.6 1622.25 1625.98 
1601.78 1605.69 1587.76 1614.72 1589.65 1622.12 1626 
22 23 24 25 26 27 28 
1612 1636.45 1635.91 1622.99 1631.85 1610.1 1638.75 
1612.24 1636.55 1635.87 1623 1631.78 1610.23 1638.75 
1612 1636.5 1635.85 1623.11 1631.72 1609.87 1638.59 
29 30 31 32 33 34 35 
1601.1 1638.6 1656 1622.7 1669.36 1652.62 1627.29 
1601.06 1638.72 1656.03 1622.59 1669.28 1652.78 1627.33 
1600.96 1638.5 1656.01 1622.58 1669.45 1652.48 1627.34 
36 37 38 39 40 41 42 
1631.06 1626.29 1636.93 1609.18 1633.22 1647 1641.22 
1632 1626.35 1636.87 1609.24 1633.28 1647 1641.38 
1631.13 1626.3 1636.89 1609.27 1633.28 1646.98 1641.39 
43 44 
1656.83 1670.96 
1656.75 1670.89 
1656.95 1670.87 
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Table A3. 19: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 60 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 2 
60 % 
 
1 2 3 4 5 6 7 
1530.11 1525.48 1554.2 1543.98 1575.32 1564.48 1589.01 
1529.89 1525.5 1554.02 1543.03 1575.34 1564 1590.1 
1530.05 1525.66 1554.3 1543 1575.24 1564.01 1590.16 
8 9 10 11 12 13 14 
1563.92 1609.6 1583.11 1620.8 1622.13 1591.14 1638.06 
1563.92 1609.49 1582.79 1620.58 1622.38 1591.16 1638.02 
1563.86 1609.55 1583.01 1620.71 1622.31 1591.01 1638.14 
15 16 17 18 19 20 21 
1595.36 1606.78 1557.39 1625.67 1598.62 1632.72 1643.68 
1595.28 1606.99 1557.39 1625.89 1599.03 1632.89 1643.87 
1595.39 1606.83 1557.44 1625.9 1598.89 1632.89 1643.71 
22 23 24 25 26 27 28 
1634.12 1655.33 1656.78 1617.42 1637.28 1578.87 1655.49 
1634.29 1655.27 1655.93 1617.38 1637.02 1579.1 1655.59 
1634.31 1655.22 1655.73 1617.52 1637.11 1578.95 1655.33 
29 30 31 32 33 34 35 
1607.77 1655.28 1674.32 1650.2 1698.43 1671.52 1603.75 
1607.58 1655.4 1674.39 1650.15 1698.12 1671.58 1603.77 
1607.68 1655.47 1674.28 1650.09 1698.38 1671.63 1603.8 
36 37 38 39 40 41 42 
1629.42 1588.13 1646.29 1614.59 1642.2 1661.1 1656.89 
1629.15 1588.28 1646.2 1614.39 1642.28 1661 1656.87 
1629.38 1588.57 1646.17 1614.67 1642.31 1661 1657.07 
43 44 
1666.02 1681.43 
1666 1681.43 
1666.16 1681.32 
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Table A3. 20: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 65 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 2 
65 % 
 
1 2 3 4 5 6 7 
1561.3 1564.7 1573.5 1584.6 1593 1574.72 1600.02 
1561.49 1564.86 1572.96 1584.75 1593.28 1574.84 1600.28 
1561.3 1564.75 1572.82 1584.52 1593.12 1574.74 1600 
8 9 10 11 12 13 14 
1573.6 1603.32 1582.73 1614.37 1603.36 1584.03 1620.89 
1573.89 1603.57 1582.85 1614.29 1603.15 1584.23 1620.72 
1573.5 1603.42 1582.7 1614.39 1603.28 1584.62 1620.68 
15 16 17 18 19 20 21 
1626.59 1625.3 1595.36 1632.75 1612.32 1640.53 1640.76 
1626.43 1625.59 1595.14 1632.3 1612.75 1640.16 1640.57 
1626.22 1625.2 1595.02 1632.25 1612.5 1640.3 1640.5 
22 23 24 25 26 27 28 
1627.86 1637.82 1627.9 1641.57 1652.32 1616.39 1655.49 
1627.72 1637.75 1627.71 1641.22 1651.91 1616.06 1655.34 
1627.52 1637.84 1627.71 1641.39 1651.82 1616.32 1655.2 
29 30 31 32 33 34 35 
1615.32 1655.05 1662.37 1634.3 1675.38 1647.49 1622.02 
1615.06 1655.31 1662.14 1634.48 1675.5 1647.23 1622.14 
1615.15 1655.48 1662.02 1634.34 1675.25 1647.11 1622.32 
36 37 38 39 40 41 42 
1633.03 1619.42 1642.13 1622.49 1638.35 1644.52 1643.63 
1633.3 1619.65 1642.02 1622.01 1638.17 1644.71 1643.82 
1633.12 1619.5 1642.13 1622 1638.3 1644.68 1643.72 
43 44 
1642 1650.12 
1642.14 1650.35 
1642.02 1650.2 
  Appendices  
 
125 
 
Table A3. 21: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 70 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 2 
70 % 
 
1 2 3 4 5 6 7 
1559.29 1567.32 1564.5 1582.13 1596.32 1564.32 1606.82 
1559.58 1567.14 1564.74 1582 1596.57 1564.02 1607.03 
1559.32 1567 1564.5 1582.2 1596.48 1564.15 1607.15 
8 9 10 11 12 13 14 
1575.02 1613.53 1576.2 1626.38 1616.28 1575.52 1632.52 
1575.14 1613.86 1576.15 1626.16 1616.15 1575.72 1632.59 
1575.02 1613.72 1576 1626.38 1616.02 1572.6 1632.39 
15 16 17 18 19 20 21 
1617.36 1626.3 1603.5 1633.32 1613.72 1635.86 1638.28 
1617.28 1626.17 1603.79 1633.17 1613.95 1635.71 1638.5 
1617.35 1626.38 1603.52 1633.35 1613.75 1635.86 1638.12 
22 23 24 25 26 27 28 
1636.7 1637.98 1648.52 1648.02 1655.87 1609 1655.7 
1636.81 1637.8 1648.73 1648.1 1656.04 1609.77 1655.89 
1636.5 1637.52 1648.5 1648.25 1656.23 1609.54 1655.92 
29 30 31 32 33 34 35 
1617.58 1667.12 1681.75 1645.32 1681.75 1655.32 1633.28 
1617.82 1667.14 1681.8 1645.65 1681.94 1655.41 1633.37 
1617.7 1667 1681.63 1645.48 1681.82 1655.2 1633.2 
36 37 38 39 40 41 42 
1643.68 1544.99 1639.82 1614.5 1648.7 1645.85 1635.75 
1643.75 1544.85 1639.75 1614.68 1648.86 1646 1635.89 
1643.68 1544.58 1639.52 1614.42 1648.72 1646.15 1635.7 
43 44 
1646.2 1616.53 
1646 1616.73 
1645.82 1616.53 
  Appendices  
 
126 
 
Table A3. 22: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 75 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 2 
75 % 
 
1 2 3 4 5 6 7 
1558.02 1554.78 1570.7 1570.56 1591.56 1576.09 1601.49 
1558.26 1555.07 1570.36 1570.28 1591.31 1576.48 1601.15 
1558.47 1555.28 1570.12 1570.12 1591.62 1576.39 1601.38 
8 9 10 11 12 13 14 
1575.95 1610.12 1588.23 1618.72 1624.83 1598.16 1645.39 
1575.62 1610.48 1588.71 1618.85 1624.72 1597.82 1645.14 
1575.33 1610.98 1588.69 1618.72 1624.32 1597.62 1645.05 
15 16 17 18 19 20 21 
1612.57 1617.21 1588.03 1632.79 1604.78 1639.87 1648.87 
1612.14 1617.34 1588.14 1632.22 1604.45 1640.04 1648 
1612.03 1617.12 1588.03 1632.58 1604.72 1640.29 1648.95 
22 23 24 25 26 27 28 
1634.52 1656.28 1656.63 1633.29 1653.28 1609.12 1663.59 
1634.72 1656.92 1656.89 1633.64 1652.82 1609.16 1663.62 
1634.5 1656.72 1656.52 1633.42 1652.76 1609.03 1663.52 
29 30 31 32 33 34 35 
1608.39 1663.58 1679.87 1646.02 1694.39 1673.59 1620.59 
1608.42 1664.19 1679.14 1646.14 1694.22 1673.47 1620.47 
1608.59 1663.78 1679.03 1646.68 1694.57 1673.72 1620.32 
36 37 38 39 40 41 42 
1636.13 1611.82 1651.22 1622.58 1646.78 1657.52 1656.72 
1635.84 1612 1650.87 1622.11 1646.58 1657.85 1656.49 
1635.72 1612.15 1650.56 1622.38 1646.32 1657.52 1656.12 
43 44 
1663.12 1678.11 
1663.15 1677.84 
1663 1677.52 
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Table A3. 23: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 25 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 3 
25 % 
 
1 2 3 4 5 6 7 
1485.58 1488.62 1501.85 1514.57 1529.71 1508.89 1549.14 
1485.29 1487.78 1501.65 1514.28 1529.43 1508.65 1549.02 
1486.29 1488.36 1502.43 1514.29 1529.43 1509.63 1549.39 
8 9 10 11 12 13 14 
1508.17 1551.14 1521.01 1568.88 1554.72 1524.45 1578.73 
1508.5 1551.39 1520.36 1569.27 1555.32 1524.93 1578.47 
1509.03 1551.29 1521.68 1568.65 1554.65 1524.32 1578.62 
15 16 17 18 19 20 21 
1557.58 1567.61 1534.78 1580.2 1561.22 1587.34 1594.15 
1557.63 1567.61 1534.32 1580.36 1561.13 1587.92 1594.5 
1557.29 1567.95 1534.29 1580.36 1561.37 1587.76 1594.78 
22 23 24 25 26 27 28 
1588.06 1597.77 1598.89 1598.66 1610.57 1562.38 1623.53 
1587.95 1597.47 1598.53 1598.29 1610.79 1562.27 1624.29 
1588.75 1597.5 1598.62 1598.76 1610.13 1562.12 1623.78 
29 30 31 32 33 34 35 
1577.55 1625.1 1638.42 1608.67 1660.34 1622.49 1595.25 
1577.16 1624.67 1638.59 1608.93 1660.2 1622.05 1595.63 
1577.27 1625.68 1638.92 1608.39 1660.92 1622.58 1595.03 
36 37 38 39 40 41 42 
1616.2 1577.44 1629.1 1590.97 1624.36 1637.42 1625.95 
1616.1 1577.39 1629.1 1591.65 1624.12 1637.32 1625.14 
1616.59 1577.03 1629.59 1591.65 1624.12 1637.68 1626.36 
43 44 
1637.35 1637.49 
1637.83 1637.68 
1637.76 1637.13 
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Table A3. 24: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 30 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 3 
30 % 
 
1 2 3 4 5 6 7 
1485.43 1490.02 1499.15 1510.29 1524.71 1505.06 1539.57 
1485.98 1491.67 1499.36 1510.16 1524.38 1505.39 1539.75 
1485.67 1490.68 1499.36 1510.49 1524.36 1505.29 1539.92 
8 9 10 11 12 13 14 
1505.76 1545.73 1520.72 1563.3 1560.71 1529.22 1580.3 
1505.46 1545.54 1520.36 1563.29 1561.29 1529.4 1580.3 
1505.38 1545.32 1520.58 1563.49 1560.39 1529.47 1580.12 
15 16 17 18 19 20 21 
1555.12 1560.16 1531.9 1573.5 1557.67 1579.78 1588.43 
1555 1560.16 1531.46 1573.95 1557.06 1579.65 1588.26 
1555.39 1560.43 1531.65 1573.28 1557.28 1579.65 1588.29 
22 23 24 25 26 27 28 
1582.5 1597.03 1603.08 1587.46 1604.21 1560.39 1616.81 
1582.32 1596.86 1603.37 1587.63 1604.97 1560.75 1617.36 
1582.5 1597.28 1603.75 1587.12 1604.97 1560.78 1616.43 
29 30 31 32 33 34 35 
1571.73 1617.52 1632.14 1603.28 1651.8 1626.1 1597.33 
1571.43 1617.36 1632.29 1603.79 1651.49 1626.36 1597.22 
1571.22 1616.78 1632.38 1603.95 1651.5 1625.67 1597.65 
36 37 38 39 40 41 42 
1614.11 1577.54 1626.41 1587.29 1621.67 1638.28 1623.49 
1614.37 1577.03 1626.04 1587.65 1621.59 1638.63 1623.29 
1614.39 1577.03 1626.96 1587.93 1621.54 1638.59 1623.87 
43 44 
1645.3 1647.69 
1645.12 1647.65 
1645.13 1647.87 
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Table A3. 25: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 35 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 3 
35 % 
 
1 2 3 4 5 6 7 
1493.85 1502.85 1506.71 1525.62 1532.74 1506.5 1554.46 
1493.65 1502.63 1506.2 1525.33 1532.54 1506.5 1554.14 
1493.28 1502.12 1506.39 1525.38 1532.5 1506.29 1553.67 
8 9 10 11 12 13 14 
1506.63 1540.43 1514.3 1559.19 1531.66 1509.85 1554.76 
1506.5 1540.78 1514.2 1559.67 1531.29 1509.29 1555.63 
1506.23 1540.65 1514.84 1559.78 1531.28 1509.58 1554.32 
15 16 17 18 19 20 21 
1580.78 1572.71 1549.86 1573.82 1564.62 1581.68 1581 
1581.12 1572.95 1549.28 1573.12 1563.98 1581.28 1581.78 
1580.52 1572.68 1549.28 1573.29 1564.38 1581.29 1580.65 
22 23 24 25 26 27 28 
1582.9 1589.89 1576.79 1606.95 1613.75 1574.69 1620.9 
1583.64 1589.62 1577.23 1607.28 1613.65 1574.49 1621.23 
1582.35 1589.29 1576.28 1606.38 1614.22 1574.32 1620.35 
29 30 31 32 33 34 35 
1584.55 1620.5 1626.71 1600.95 1634.58 1596.17 1603.51 
1584.32 1620.46 1626.54 1601.39 1634.84 1596.28 1603 
1584.32 1620.5 1626.34 1600.32 1634.87 1596.28 1603.83 
36 37 38 39 40 41 42 
1617.42 1591.06 1623.99 1592.79 1617.65 1625.14 1616.03 
1617.28 1591.78 1624.23 1592.65 1617.28 1625.03 1616.73 
1617.03 1591.63 1623.12 1592.34 1617.39 1625.39 1616.39 
43 44 
1618.21 1612.07 
1618.02 1612.98 
1618.59 1612.96 
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Table A3. 26: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 40 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 3 
40 % 
 
1 2 3 4 5 6 7 
1495.42 1506.57 1504.42 1532.05 1533.89 1504.19 1554.75 
1495.02 1506.38 1504.39 1531.78 1533.77 1504.36 1554.69 
1495.38 1506.29 1504.36 1532.67 1533.36 1504.63 1554.38 
8 9 10 11 12 13 14 
1503.61 1537.45 1508.72 1557.05 1524.4 1503.43 1546.63 
1503.78 1537.23 1508.29 1556.29 1524.09 1503.67 1546.93 
1503.28 1537.29 1508.62 1557.68 1524.36 1503.68 1546.28 
15 16 17 18 19 20 21 
1573.14 1572.78 1558.61 1573.52 1569.76 1580.08 1579.57 
1573.83 1572.28 1558.32 1573.89 1569.28 1580.96 1579.36 
1573.63 1572.65 1556.29 1573.23 1569.28 1580.95 1579.28 
22 23 24 25 26 27 28 
1577.2 1577.23 1569.03 1615.86 1618.13 1579.65 1622.22 
1577.18 1577.49 1569.56 1615.29 1618.76 1579.29 1622.39 
1577.68 1577.12 1569.93 1615.54 1618.12 1578.54 1622.06 
29 30 31 32 33 34 35 
1587.21 1621.35 1623 1595.92 1632.58 1589.55 1608.62 
1587.32 1621.59 1623.65 1593.33 1632.23 1589.24 1608.79 
1587.92 1622.1 1623.15 1596.38 1632.23 1589.4 1608.32 
36 37 38 39 40 41 42 
1619.26 1598.21 1624.1 1594.13 1618.95 1622.57 1610.81 
1619.39 1598.97 1624.39 1593.67 1618.22 1622.28 1611.24 
1619.37 1598.63 1624.38 1594 1618.23 1622.39 1610.32 
43 44 
1613.06 1605.31 
1613.78 1605.78 
1613.65 1605.72 
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Table A3. 27: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 45 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 3 
45 % 
 
1 2 3 4 5 6 7 
1488.07 1494 1502.11 1581.6 1529.29 1504.91 1550.73 
1488.39 1494.65 1502.36 1581.32 1529.65 1504.91 1550.13 
1488.97 1493.72 1502.47 1581.23 1529.38 1504.5 1550.14 
8 9 10 11 12 13 14 
1504.61 1541.57 1515.3 1560.45 1540.61 1514.39 1560.46 
1505.03 1541.28 1515.12 1560.2 1540.5 1514.12 1560.78 
1504.42 1541.13 1515.28 1560.23 1540.68 1514.65 1560.92 
15 16 17 18 19 20 21 
1568.95 1567.28 1539.88 1575.09 1561.92 1580.51 1584.71 
1568.24 1567.38 1539.25 1575.68 1561.38 1580.28 1584.63 
1569.29 1567.95 1539.62 1575.23 1561.28 1580.32 1584.29 
22 23 24 25 26 27 28 
1580.05 1590.06 1584.51 1593.26 1609.19 1565.91 1618.25 
1581.28 1590.28 1584.29 1593.74 1609.98 1565.25 1618.39 
1580.75 1590.78 1584.12 1593.68 1608.85 1566.34 1618.25 
29 30 31 32 33 34 35 
1576.62 1619.11 1627.29 1602.86 1639.15 1603.23 1597.11 
1576.38 1619.28 1627.69 1602.98 1639.28 1602.87 1597.68 
1576.78 1618.67 1627.38 1602.97 1639.28 1602.97 1597.28 
36 37 38 39 40 41 42 
1612.72 1581.09 1620.63 1592.19 1617.48 1626.57 1667.45 
1613.38 1581.39 1620.58 1592.68 1617.48 1626.38 1667.89 
1612.38 1581.65 1620.89 1592.38 1617.9 1626.95 1667.29 
43 44 
1622.79 1621.33 
1622.58 1621.79 
1622.65 1621.33 
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Table A3. 28: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 50 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 3 
50 % 
 
1 2 3 4 5 6 7 
1479.96 1486.15 1495.97 1502.88 1519.29 1494.72 1547.72 
1480.63 1486.92 1495.65 1503.63 1519.38 1494.65 1547.29 
1480.65 1486.39 1495.26 1502.68 1519.36 1494.57 1547.85 
8 9 10 11 12 13 14 
1494.72 1538.57 1508.6 1553.04 1529.34 1504.91 1545.59 
1494.38 1538.29 1508.29 1553.65 1529.12 1504.63 1546.22 
1494.65 1538.29 1508.22 1553.92 1529.85 1505.68 1545.32 
15 16 17 18 19 20 21 
1555.24 1558.07 1534.77 1569.37 1555.93 1575.4 1574.43 
1555.73 1558.29 1534.12 1569.59 1555.5 1575.4 1574.38 
1555.37 1557.76 1534.79 1569.28 1556.28 1575.3 1573.95 
22 23 24 25 26 27 28 
1561.61 1575.78 1577.88 1587.51 1595.78 1553.14 1604 
1561.27 1575.12 1578.32 1587.33 1595.38 1553.85 1604.39 
1561.24 1575.29 1577.38 1587.36 1595.32 1553.37 1603.28 
29 30 31 32 33 34 35 
1573.77 1603.68 1613.32 1598.98 1632.74 1588.97 1592.55 
1573.62 1603.36 1613.29 1598.62 1635.12 1588.32 1592.36 
1573.29 1603.47 1613.57 1598.67 1633.52 1588.28 1592.12 
36 37 38 39 40 41 42 
1610.4 1573.5 1614.75 1592.26 1610.18 1624.57 1607.22 
1610.22 1573.13 1614.26 1591.67 1610.33 1624.38 1607.12 
1610 1573.28 1614.28 1592.12 1610.29 1624.36 1607.92 
43 44 
1618.28 1614.42 
1618.39 1614.95 
1617.78 1614.36 
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Table A3. 29: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 55 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 3 
55 % 
 
1 2 3 4 5 6 7 
1480.25 1484.76 1496.31 1511.86 1522.57 1504.18 1545.29 
1480.39 1484.52 1496.54 1511.28 1522.38 1504.29 1545.39 
1480.95 1485.29 1496.95 1511.25 1522.36 1504.25 1546.02 
8 9 10 11 12 13 14 
1502.74 1546.86 1516.59 1564.75 1549.72 1519.04 1574.31 
1502.65 1546.29 1516.57 1564.23 1549.65 1518.67 1574.96 
1504.36 1546.29 1516.96 1565.28 1549.38 1519.65 1574.74 
15 16 17 18 19 20 21 
1553.39 1561.22 1535.05 1574.8 1559.81 1581.79 1587.57 
1553.64 1560.98 1535.68 1574.29 1559.26 1582.36 1587.29 
1554.75 1561.74 1534.98 1574.25 1559.65 1581.28 1587.32 
22 23 24 25 26 27 28 
1584.36 1592.65 1597.48 1592.88 1609.34 1557.7 1621.51 
1585.26 1592.38 1597.12 1592.13 1609.54 1557.29 1621.38 
1584.75 1592.78 1597.12 1593.36 1609.12 1557.28 1621.38 
29 30 31 32 33 34 35 
1577.72 1621.96 1634.71 1607.11 1655.99 1622.38 1597.54 
1577.5 1621.38 1634.29 1607.02 1655.99 1622.58 1597.28 
1577.36 1621.38 1634.28 1607.29 1655.28 1622.39 1597.12 
36 37 38 39 40 41 42 
1618.08 1575.82 1629.97 1592.27 1626.97 1639.71 1623.86 
1617.67 1575.29 1629.38 1592.45 1626.54 1639.28 1623.29 
1618.95 1575.36 1629.36 1592.93 1626.38 1639.13 1624.13 
43 44 
1641.38 1640.81 
1641.22 1640.32 
1641.27 1640.12 
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Table A3. 30: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 60 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 3 
60 % 
 
1 2 3 4 5 6 7 
1496.05 1506.85 1506.35 1533.18 1531.45 1504.62 1553.45 
1496.87 1506.29 1506.98 1533.68 1531.29 1504.29 1553.12 
1496.76 1506.38 1506.95 1533.38 1531.2 1504.32 1553.2 
8 9 10 11 12 13 14 
1503.61 1541.15 1511.01 1558.34 1528.66 1506.87 1551.9 
1503.28 1541.59 1511.25 1558.67 1528.97 1506.95 1552.3 
1504.12 1541.5 1511.23 1558.75 1528.66 1507.29 1552.65 
15 16 17 18 19 20 21 
1574.82 1570.2 1556.58 1573.51 1568.9 1581.34 1580.57 
1575.36 1570.36 1556.29 1573.62 1569.33 1581.29 1580.29 
1574.36 1570.67 1556.28 1573.28 1568.5 1581.28 1580.79 
22 23 24 25 26 27 28 
1576.05 1582.64 1573.21 1606.57 1616.79 1582.95 1622.23 
1576.95 1582.13 1573.74 1606.29 1616.37 1583.28 1622.58 
1575.74 1582.13 1573.68 1606.28 1616.03 1582.65 1622.49 
29 30 31 32 33 34 35 
1586.1 1622.79 1626.57 1597.66 1634.51 1598.15 1614.54 
1586.92 1622.5 1626.28 1597.42 1634.13 1598.36 1614.38 
1586.97 1622.36 1626.13 1597.88 1634 1598.65 1614.38 
36 37 38 39 40 41 42 
1625.07 1601.27 1630.98 1597.16 1624.96 1630.57 1615.86 
1625.39 1601.36 1630.28 1597.28 1624.39 1630.28 1615.86 
1625.39 1601.38 1630.25 1597.85 1624.35 1630.49 1615.03 
43 44 
1623.1 1614.35 
1623.39 1614.28 
1623.75 1614.28 
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Table A3. 31: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 65 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 3 
65 % 
 
1 2 3 4 5 6 7 
1489.51 1496.86 1500.3 1520.02 1527.57 1502.05 1541.72 
1489.92 1496.32 1500.03 1520.36 1527.13 1502.79 1541.68 
1489.2 1497.23 1500.1 1520.47 1527.38 1501.68 1541.32 
8 9 10 11 12 13 14 
1502.76 1539 1515 1556.59 1550.43 1520.06 1567.59 
1502.76 1539.67 1515.37 1556.89 1550.39 1520.97 1567.13 
1502.96 1539.67 1515.67 1556.98 1550.29 1520.75 1567.28 
15 16 17 18 19 20 21 
1562.21 1562.85 1542.74 1571.92 1557.21 1578.06 1583.28 
1562.39 1562.92 1542.36 1571.21 1557.39 1578.92 1583.65 
1562.49 1562.7 1542.26 1572.25 1557.03 1578.92 1583.76 
22 23 24 25 26 27 28 
1575.33 1589.08 1589.63 1592.32 1604.89 1567.88 1613.94 
1573.49 1589.76 1589.29 1592.12 1604.03 1567.29 1613.78 
1575.78 1588.74 1589.13 1592.2 1604.76 1567.29 1614.35 
29 30 31 32 33 34 35 
1574.89 1614.5 1625.01 1597.46 1640.2 1611.84 1604.07 
1574.36 1614.23 1625.39 1597.12 1640.58 1611.78 1603.86 
1574.34 1614.28 1625.37 1597.26 1640.03 1611.32 1604.96 
36 37 38 39 40 41 42 
1615.82 1588 1623.52 1589.18 1619.51 1633.14 1615.54 
1615.29 1587.65 1623.38 1589.36 1619.23 1632.12 1615.39 
1615.23 1587.74 1623.92 1589.29 1619.28 1632.59 1615.36 
43 44 
1634.01 1633.16 
1634.59 1633.29 
1634.98 1633.25 
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Table A3. 32: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 70 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 3 
70 % 
 
1 2 3 4 5 6 7 
1488.85 1497.57 1498.51 1522.15 1527.88 1500.19 1549.87 
1488.65 1497.26 1498.28 1522.39 1527.87 1500.07 1549.67 
1488.23 1497.23 1498.11 1521.36 1527.36 1500.37 1549.5 
8 9 10 11 12 13 14 
1499.89 1538.57 1508.01 1558.33 1528.22 1505.2 1553.19 
1499.98 1538.29 1508.46 1558.03 1528.38 1505.46 1553.62 
1500.29 1538.98 1508.69 1558.76 1528.87 1505.98 1553.78 
15 16 17 18 19 20 21 
1564.61 1569.52 1548.76 1577.93 1568.5 1583.35 1582.29 
1564.58 1569.29 1548.12 1577.5 1568.29 1583.7 1582.65 
1564.28 1569.02 1548.3 1578.33 1568.04 1583.12 1582.78 
22 23 24 25 26 27 28 
1579.04 1580.26 1580.89 1610.22 1616.03 1576.11 1621.67 
1579.65 1580.58 1580.23 1609.67 1616.75 1576.03 1621.67 
1579.67 1580.39 1580.5 1610.96 1616.37 1576.02 1621.96 
29 30 31 32 33 34 35 
1581.13 1621.66 1627.57 1600.52 1640.34 1599.45 1606.73 
1581.75 1621.59 1627.28 1600 1640.12 1599.28 1606.28 
1581.68 1621.36 1627.89 1600.12 1640.29 1599.89 1606.29 
36 37 38 39 40 41 42 
1620.72 1591.51 1626.35 1595.53 1623.2 1629 1614.76 
1620.5 1591.36 1626.57 1595.84 1623.59 1629.39 1614.39 
1620.39 1591.67 1626.86 1596.02 1623.39 1628.57 1614.32 
43 44 
1623.66 1615.66 
1623.32 1615.92 
1623.52 1616.13 
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Table A3. 33: Triplicate measurements taken using a 50 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 75 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 50 mm – Set-up 3 
75 % 
 
1 2 3 4 5 6 7 
1492.57 1503.71 1502.26 1529.76 1530.04 1501.06 1553.32 
1492.78 1503.28 1502.75 1529.28 1530.65 1501.76 1553.68 
1492.84 1503.29 1501.78 1529.89 1529.87 1501.97 1553.03 
8 9 10 11 12 13 14 
1500.19 1534.87 1505.87 1554.63 1521.84 1501.49 1547.5 
1500.49 1534.29 1506.29 1554.78 1521.36 1501.87 1547.28 
1500.36 1534.27 1506.92 1554.26 1522.67 1501.67 1547.36 
15 16 17 18 19 20 21 
1577.3 1573.21 1553.59 1573.66 1568.9 1580.64 1578.44 
1577.98 1573.03 1553.38 1573.13 1568.29 1580.98 1578.12 
1577.57 1573.89 1553.12 1573.96 1569.57 1580.03 1578.39 
22 23 24 25 26 27 28 
1575.61 1578.27 1571.06 1610.58 1617.59 1584.09 1595.51 
1575.29 1578.38 1571.36 1610 1617.38 1584.46 1595.39 
1576.28 1578.75 1571.57 1610.32 1617.28 1584.29 1595.29 
29 30 31 32 33 34 35 
1586.52 1623.64 1626 1597.2 1632.48 1592.28 1611.89 
1586.79 1623.78 1626.96 1597.38 1632.11 1592.3 1612.33 
1586.36 1623.03 1625.98 1597.5 1632.05 1593.43 1612.22 
36 37 38 39 40 41 42 
1623.61 1598.96 1628.4 1596.59 1623.68 1628.14 1616.24 
1623.07 1598.27 1628.04 1596.32 1623.89 1628.39 1616.38 
1624.13 1599.26 1628.36 1596.13 1623.57 1627.57 1616.52 
43 44 
1617.37 1608.32 
1617.87 1608.95 
1617.98 1608.02 
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Table A3. 34: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 25 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 1 
25 % 
 
1 2 3 4 5 6 7 
3185.74 3216.27 3198.28 3249.55 3252.88 3197.51 3290.33 
3185.15 3216.16 3198.3 3249.38 3252.75 3197.68 3290.44 
3185.83 3216.2 3198.29 3249.28 3252.64 3197.69 3290.5 
8 9 10 11 12 13 14 
3196.35 3269.51 3218.69 3303.35 3271.84 3218.59 3313.18 
3196.29 3269.34 3218.72 3303.3 3271.8 3218.38 3313.32 
3196.13 3269.53 3218.68 3303.43 3271.65 3218.42 3313.38 
15 16 17 18 19 20 21 
3325.15 3324.42 3294.33 3334.67 3316.25 3348.84 3359.29 
3325.65 3324.5 3294.48 3334.5 3316.22 3348.92 3359.12 
3325.98 3324.54 3294.37 3334.24 3316.49 3348.78 3359.15 
22 23 24 25 26 27 28 
3345.68 3351.61 3347.34 3409.98 3416.26 3349.67 3427.67 
3345.52 3351.54 3347.4 3409.78 3416.25 3349.5 3427.53 
3345.68 3351.63 3347.02 3409.6 3416.26 3349.28 3427.54 
29 30 31 32 33 34 35 
3345 3427.67 3441.76 3380.84 3466.5 3401.38 3410.45 
3345.02 3427.62 3442.02 3380.92 3466.5 3401.45 3410.29 
3344.78 3427.6 3442.07 3381.03 3466.38 3401.47 3410.32 
36 37 38 39 40 41 42 
3429.61 3387.25 3439.67 3376.7 3430.5 3449.61 3418.07 
3429.72 3387.3 3439.52 3376.64 3430.5 3449.72 3418.12 
3429.64 3387.33 3439.5 3376.72 3430.68 3449.65 3418.1 
43 44 
3441.7 3435.35 
3441.58 3435.29 
3441.72 3435.3 
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Table A3. 35: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 30 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 1 
30 % 
 
1 2 3 4 5 6 7 
3211.69 3256.24 3214.27 3293.33 3268.83 3201.17 3299.33 
3211.5 3256.3 3214.3 3293.42 3268.97 3201.2 3299.33 
3211.49 3256.25 3214.33 3292.98 3268.87 3202.36 3299.45 
8 9 10 11 12 13 14 
3198.5 3254.5 3202.53 3284 3228.5 3192.22 3266.51 
3198.5 3254.5 3202.64 3283.97 3228.37 3192.33 3266.57 
3198.48 3254.39 3202.82 3283.92 3228.4 3192.34 3266.48 
15 16 17 18 19 20 21 
3352.79 3335.61 3330.38 3331.67 3329.5 3345.5 3335.35 
3352.36 3335.62 3330.47 3331.54 3329.42 3345.48 3335.45 
3352.46 3335.73 3330.58 3331.52 3329.36 3345.41 3335.53 
22 23 24 25 26 27 28 
3323.34 3321.24 3298.67 3416.33 3420.79 3388.52 3416.5 
3323.2 3321.34 3298.59 3416.54 3420.6 3388.74 3416.49 
3323.32 3321.56 3298.5 3416.59 3420.29 3388.66 3416.5 
29 30 31 32 33 34 35 
3350.68 3416.5 3417.51 3357.51 3428.13 3341.84 3425.83 
3350.53 3416.5 3417.43 3357.49 3428.09 3341.75 3426.1 
3350.5 3416.39 3417.69 3357.5 3427.56 3341.64 3426.02 
36 37 38 39 40 41 42 
3430.16 3423.01 3425.5 3380.53 3415.67 3415.65 3392.34 
3430.5 3423.11 3425.5 3380.5 3415.72 3415.6 3392.26 
3430.46 3423.05 3425.5 3380.38 3415.68 3415.52 3392.3 
43 44 
3395.36 3377.71 
3395.29 3377.83 
3395.21 3377.92 
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Table A3. 36: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 35 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 1 
35 % 
 
1 2 3 4 5 6 7 
3186.67 3211.36 3207.38 3253.37 3261.54 3207.29 3290.38 
3186.59 3211.11 3207.42 3253.28 3261.5 3207.35 3290.27 
3186.47 3211.09 3207.43 3253.16 3261.5 3207.4 3290.38 
8 9 10 11 12 13 14 
3206.44 3280 3228.67 3316.51 3291.51 3233.95 3329.5 
3206.4 3280.13 3228.59 3316.5 3291.54 3234.02 3329.48 
3206.37 3280.07 3228.79 3316.48 3291.6 3234.15 3329.37 
15 16 17 18 19 20 21 
3325.05 3325.53 3285.69 3340.57 3315.67 3355.57 3361.75 
3325.05 3325.5 3285.58 3340.62 3315.6 3355.53 3361.64 
3325.1 3325.39 3285.52 3340.6 3315.48 3355.53 3361.52 
22 23 24 25 26 27 28 
3351 3368.18 3362.33 3390.47 3414.29 3341.52 3428.57 
3350.97 3368.13 3362.28 3390.56 3414.33 3341.59 3428.69 
3351.04 3368.17 3362.37 3390.46 3414.3 3341.62 3428.72 
29 30 31 32 33 34 35 
3345.53 3429.57 3447.78 3389.54 3478.29 3409.62 3400.26 
3345.33 3429.43 3447.5 3389.5 3478.25 3409.73 3400.37 
3345.28 3429.52 3447.36 3389.37 3478.2 3409.75 3400.29 
36 37 38 39 40 41 42 
3423.43 3378.02 3437.86 3371.62 3428.57 3448.58 3421.52 
3425.36 3378.11 3438.05 3371.66 3428.69 3448.6 3421.5 
3423.46 3378 3438.1 3371.56 3428.56 3448.59 3421.5 
43 44 
3446.27 3445.59 
3446.16 3445.63 
3446.1 3445.65 
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Table A3. 37: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 40 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 1 
40 % 
 
1 2 3 4 5 6 7 
3191.03 3220.23 3202.77 3261.34 3258.33 3194.5 3286.35 
3191.12 3220.18 3202.62 3261.7 3258.42 3194.64 3286.4 
3191.3 3220.3 3202.58 3261.62 3258.36 3194.7 3286.34 
8 9 10 11 12 13 14 
3192.58 3259.54 3194.5 3295.34 3257.34 3207.72 3290.17 
3192.62 3259.6 3194.36 3295.62 3257.58 3207.64 3290.28 
3192.65 3259.79 3194.38 3295.54 3257.5 3207.54 3290.36 
15 16 17 18 19 20 21 
3331.11 3322.95 3300.03 3329.5 3315.17 3344.43 3343.5 
3331.07 3322.78 3300.1 3329.39 3315.28 3344.38 3343.63 
3331.15 3322.64 3300.4 3329.42 3315.35 3344.5 3343.54 
22 23 24 25 26 27 28 
3331.34 3341.69 3321.67 3390.67 3408.46 3350.33 3416.33 
3331.27 3341.5 3321.58 3390.58 3408.52 3350.31 3416.28 
3332.42 3341.39 3321.7 3390.7 3408.5 3350.28 3416.3 
29 30 31 32 33 34 35 
3341.17 3415.43 3414.83 3364.84 3425.68 3369.02 3403.33 
3341.25 3415.55 3414.76 3364.75 3425.79 3369.11 3403.27 
3341.36 3412.5 3414.69 3364.68 3425.83 3369.02 3403.34 
36 37 38 39 40 41 42 
3416.67 3387.21 3422.5 3367.51 3412.72 3414.5 3398.7 
3416.78 3387.32 3422.47 3367.64 3412.68 3414.5 3398.62 
3416.64 3387.28 3422.4 3367.6 3412.62 3414.42 3398.54 
43 44 
3445.28 3406.17 
3445.36 3406.15 
3445.5 3406.09 
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Table A3. 38: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 45 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 1 
45 % 
 
1 2 3 4 5 6 7 
3193.24 3217.44 3207.3 3259.69 3262.86 3206.57 3296.52 
3193.36 3217.5 3207.48 3259.6 3262.78 3206.64 3296.5 
3193.4 3217.42 3207.54 3259.69 3262.58 3206.56 3296.43 
8 9 10 11 12 13 14 
3204.57 3277.43 3226.8 3308.5 3274.84 3226.1 3314.17 
3204.23 3277.46 3226.78 3308.42 3274.83 3225.97 3314.15 
3204.3 3277.5 3226.62 3308.53 3274.89 3225.89 3315.02 
15 16 17 18 19 20 21 
3335.07 3332.69 3299.52 3344.57 3321.33 3358.57 3360.21 
3335.15 3332.75 3299.48 3344.62 3320.22 3358.5 3360.34 
3335.2 3332.62 3299.37 3344.5 3321.17 3358.49 3360.4 
22 23 24 25 26 27 28 
3348.5 3362.85 3353.17 3396.31 3415.43 3346.51 3423.57 
3348.38 3362.99 3353.2 3396.35 3415.38 3346.58 3423.62 
3348.29 3362.87 3353.13 3396.42 3415.26 3346.5 3423.52 
29 30 31 32 33 34 35 
3348.34 3424.43 3440.62 3385.52 3467.17 3394.58 3399.97 
3348.5 3424.5 3440.74 3385.45 3467.22 3394.5 3400.05 
3348.46 3424.34 3440.79 3385.5 3467.19 3394.62 3399.9 
36 37 38 39 40 41 42 
3420.71 3380.46 3432.72 3371.57 3423.57 3437.13 3416.6 
3420.68 3380.4 3432.68 3371.48 3423.5 3437.09 3416.63 
3420.72 3380.43 3432.76 3371.5 3423.6 3437 3416.7 
43 44 
3428.15 3426.36 
3428.09 3426.39 
3428.07 3426.43 
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Table A3. 39: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 50 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 1 
50 % 
 
1 2 3 4 5 6 7 
3200.92 3232.51 3205.44 3264.67 3259.67 3195.5 3289.69 
3200.87 3232.49 3205.32 3264.6 3259.6 3195.5 3289.65 
3201.1 3232.53 3205.46 3264.54 3259.55 3195.6 3289.48 
8 9 10 11 12 13 14 
3194.51 3267.49 3221.71 3300.34 3283.52 3222.9 3313.52 
3194.69 3267.63 3221.63 3300.28 3283.5 3222.99 3315.48 
3194.72 3267.73 3221.54 3300.37 3283.49 3222.05 3315.32 
15 16 17 18 19 20 21 
3324.08 3321.07 3307.51 3331.5 3313 3346.33 3344.67 
3324.12 3321.13 3307.53 3331.37 3313.1 3346.4 3344.76 
3324.16 3321.09 3307.48 3331.4 3313.15 3346.5 3344.68 
22 23 24 25 26 27 28 
3335.34 3360.24 3349.33 3411.62 3412.84 3367.5 3413.5 
3335.27 3360.32 3349.27 3411.58 3412.76 3367.36 3413.27 
3335.37 3360.28 3349.38 3411.47 3412.62 3367.48 3413.33 
29 30 31 32 33 34 35 
3341 3413.5 3434.59 3375.46 3461.93 3399.79 3427.42 
3341.27 3413.5 3434.62 3375.76 3461.87 3399.69 3427.38 
3341.39 3413.46 3434.58 3375.86 3462.1 3399.72 3427.29 
36 37 38 39 40 41 42 
3436.63 3411.33 3442.5 3383.65 3433.83 3451.97 3422.3 
3436.54 3411.28 3442.32 3383.67 3433.72 3451.87 3422.25 
3436.5 3411.18 3442.4 3383.59 3433.63 3452.03 3422.12 
43 44 
3451.71 3446.62 
3451.69 3446.7 
3451.66 3446.64 
  Appendices  
 
144 
 
Table A3. 40: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 1 at an 
overlap percentage of 55 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 1 
55 % 
 
1 2 3 4 5 6 7 
3164.67 3187.31 3189.21 3227.56 3248.31 3199.17 3286.73 
3164.58 3187.26 3189.16 3227.57 3248.42 3198.98 3286.64 
3164.6 3187.3 3189.24 3227.64 3248.52 3199.07 3286.59 
8 9 10 11 12 13 14 
3198.34 3280.3 3223.33 3319.35 3292.18 3230.75 3335.67 
3198.67 3280.3 3223.12 3319.27 3292.02 3230.61 3335.6 
3198.54 3280.27 3223.26 3319.3 3292.11 3230.69 3335.6 
15 16 17 18 19 20 21 
3314.93 3323.47 3267.02 3343.67 3317.67 3357.5 3367.9 
3314.97 3323.49 3266.97 3343.6 3317.58 3357.2 3368.07 
3315.06 3323.4 3266.89 3343.72 3317.68 3357.25 3367.99 
22 23 24 25 26 27 28 
3361.33 3377.43 3370 3380.16 3411.79 3324.57 3432.67 
3361.27 3377.51 3369.89 3380.2 3411.73 3324.66 3432.6 
3361.3 3377.38 3369.92 3380.12 3411.68 3324.7 3432.6 
29 30 31 32 33 34 35 
3345.06 3434.5 3458.7 3394.58 3485.35 3421.29 3390.96 
3345.02 3434.65 3458.71 3394.5 3485.3 3421.34 3390.9 
3344.98 3434.7 3458.56 3394.42 3485.28 3421.4 3391.05 
36 37 38 39 40 41 42 
3422.99 3358.95 3445.51 3367.96 3436.5 3456.49 3430.76 
3422.9 3359.03 3445.62 3367.86 3436.39 3456.29 3430.89 
3423.06 3359.12 3445.59 3367.94 3436.47 3456.36 3431.01 
43 44 
3455.66 3453.62 
3455.42 3453.56 
3455.5 3453.6 
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Table A3. 41: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 25 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 2 
25 % 
 
1 2 3 4 5 6 7 
3146.58 3141.95 3175.89 3162.71 3210.72 3186.65 3220.57 
3146.78 3141.28 3176.09 3162.39 3210.5 3186.52 3220.02 
3146.77 3141.65 3176.15 3162.39 3210.58 3186.02 3220.13 
8 9 10 11 12 13 14 
3187.07 3249.8 3218.29 3262.43 3280.86 3231.86 3294.29 
3186.52 3250.6 3218.69 3262.74 3280.53 3231.99 3294.62 
3186.87 3250.12 3218.5 3262.78 3281.35 3231.62 3293.74 
15 16 17 18 19 20 21 
3242.27 3254.16 3182.75 3277.87 3222.53 3292.85 3309.31 
3242.49 3254.62 3182.4 3277.53 3222.78 3292.63 3309.68 
3241.89 3253.99 3182.28 3277.44 3222.94 3292.37 3309.48 
22 23 24 25 26 27 28 
3282.07 3325 3310.52 3259.53 3294.5 3212.58 3318.83 
3281.67 3325 3310.94 3259.68 3294.5 3212.26 3318.72 
3282.76 3324.68 3310.69 3259.67 3294.5 3212.3 3318.62 
29 30 31 32 33 34 35 
3232.65 3318.55 3348.03 3292.54 3383.43 3335.69 3230.8 
3232.3 3318.55 3347.96 3292.66 3383.3 3335.26 3230.33 
3232.05 3318.49 3347.69 3292 3383.76 3335.28 3230.12 
36 37 38 39 40 41 42 
3261.4 3226.1 3287.7 3239.7 3278.1 3306.5 3309.6 
3261.13 3226.39 3287.36 3239.16 3278.54 3306.12 3309.62 
3261.2 3226.78 3287.52 3239.95 3279.44 3306.33 3309.42 
43 44 
3311 3350.4 
3311.54 3350.49 
3311.11 3350.65 
  Appendices  
 
146 
 
Table A3. 42: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 30 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 2 
30 % 
 
1 2 3 4 5 6 7 
3142.51 3136.77 3171.43 3154.44 3203.01 3181.8 3207.42 
3142.51 3136.5 3171 3154.16 3202.67 3181.65 3207.5 
3142.46 3136.45 3171.5 3154.05 3202.86 3182.15 3207.68 
8 9 10 11 12 13 14 
3180.66 3242.49 3209.31 3250.31 3263.86 3227 3281.72 
3181.32 3242.12 3209.28 3250.63 3263.53 3226.87 3282.17 
3180.45 3243.05 3209.68 3250.5 3263.35 3226.72 3281.64 
15 16 17 18 19 20 21 
3234.61 3242.86 3169.47 3265.81 3211.81 3280.24 3294.74 
3234.5 3242.95 3169.26 3265.75 3212.23 3280.05 3294.5 
3234.89 3243.13 3169 3265.54 3211.52 3279.69 3295.32 
22 23 24 25 26 27 28 
3261.79 3307.43 3292.64 3250.51 3280.17 3200.06 3309.99 
3262.15 3307.67 3292.39 3250.36 3280.36 3199.82 3309.67 
3262.11 3307.68 3292.99 3250.02 3280.36 3200.29 3309.62 
29 30 31 32 33 34 35 
3220.35 3303.99 3330.17 3274.37 3367.72 3313.59 3217.81 
3220.35 3304.12 3330.56 3274.74 3367.43 3313.09 3217.65 
3220.48 3303.5 3329.68 3274.84 3367.56 3313.2 3218.5 
36 37 38 39 40 41 42 
3246.39 3210.05 3266.71 3226.71 3258.13 3285.47 3287.61 
3246.13 3209.68 3267.4 3226.38 3258.58 3285.62 3287.52 
3246.26 3209.65 3267.35 3227.12 3258.73 3285.32 3287.22 
43 44 
3292 3328.35 
3291.68 3328.68 
3292.65 3328.84 
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Table A3. 43: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 35 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 2 
35 % 
 
1 2 3 4 5 6 7 
3162.3 3158.89 3188.05 3179.01 3221.71 3197.11 3227.86 
3167.87 3158.63 3187.5 3179.49 3222.05 3196.67 3228.65 
3162.5 3158.62 3187.65 3179.43 3221.59 3197.97 3227.59 
8 9 10 11 12 13 14 
3196.24 3252.31 3224.03 3266.17 3272 3233.85 3287.03 
3196.99 3252.25 3223.59 3265.38 3271.87 3233.5 3286.92 
3196.82 3252.68 3223.65 3266.49 3271.87 3234.21 3287.6 
15 16 17 18 19 20 21 
3255.36 3262.45 3193.33 3283.7 3230.98 3298.7 3307.77 
3255.73 3263.12 3193.59 3284.12 3230.67 3298.58 3308.28 
3255.49 3262.55 3193.4 3283.69 3230.76 3298.96 3308.28 
22 23 24 25 26 27 28 
3278.09 3319.72 3299.82 3272.58 3304.22 3227.09 3322.88 
3278.49 3319.69 3299.73 3272.02 3304 3226.86 3322.64 
3278.59 3320.16 3299.12 3272.96 3303.79 3227.68 3322.63 
29 30 31 32 33 34 35 
3238.63 3323.15 3347.76 3290.22 3379.86 3326.93 3237.29 
3238.59 3322.87 3348.11 3290.5 3379.29 3326.78 3237.58 
3238.12 3324.2 3348.13 3290.22 3379.22 3326.66 3237.68 
36 37 38 39 40 41 42 
3266.4 3236.08 3285.73 3245.68 3278.16 3301.19 3304.94 
3266.92 3235.65 3285.6 3245.28 3278.29 3300.65 3305.05 
3266.78 3236.69 3285.03 3245.96 3278.4 3300.78 3304.72 
43 44 
3303 3338.4 
3303 3338.62 
3302.48 3338.12 
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Table A3. 44: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 25 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 2 
40 % 
 
1 2 3 4 5 6 7 
3146.36 3138.96 3180.76 3157.72 3213 3191.27 3218 
3146.28 3139.16 3181.13 3157.63 3212.67 3191 3217.87 
3146.92 3138.25 3180.69 3157.86 3213.64 3191.02 3217.69 
8 9 10 11 12 13 14 
3190.96 3253.91 3223.74 3263.45 3279 3235 3297.17 
3191.12 3254.38 3223.98 3262.98 3279 3235 3296.58 
3191.7 3253.7 3223.66 3262.98 3279.13 3235.15 3297.67 
15 16 17 18 19 20 21 
3242.39 3253.48 3170.77 3280.43 3229.14 3295.43 3311.07 
3242.12 3253.69 3171.33 3280.75 3229.02 3295.02 3310.68 
3242.76 3253.96 3170.03 3280.96 3229.36 3293.76 3310.96 
22 23 24 25 26 27 28 
3278.1 3322.16 3300.1 3255.64 3292.2 3201.78 3317.78 
3276.99 3322.5 3300.34 3255.64 3292.3 3201.65 3317.65 
3278.59 3321.78 3300.1 3255.13 3292.06 3202.68 3317.45 
29 30 31 32 33 34 35 
3225.48 3320.84 3344.65 3291.6 3382.71 3327.6 3213.17 
3225.39 3320.5 3344.13 3292 3382.12 3327.98 3213.5 
3225.05 3320.12 3344.43 3291.42 3383.11 3327.96 3213.69 
36 37 38 39 40 41 42 
3247.23 3207.7 3271.87 3228.25 3263.01 3290.94 3300.46 
3247.59 3207.54 3272.05 3228 3262.9 3290.72 3300.79 
3247 3207.12 3271.62 3228.65 3262.78 3291.67 3301.02 
43 44 
3295.9 3335.11 
3296.33 3334.76 
3296.02 3334.68 
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Table A3. 45: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 45 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 2 
45 % 
 
1 2 3 4 5 6 7 
3137.31 3130.22 3167.51 3153.86 3200 3179.4 3209.43 
3137.69 3130.79 3167.49 3153.76 3199.65 3179.73 3209.96 
3137.69 3130.05 3167.8 3153.6 3199.65 3179.78 3209.06 
8 9 10 11 12 13 14 
3178.25 3234.32 3207.15 3252.74 3259.57 3219.72 3277.9 
3178.62 3234.64 3207.49 3252.5 3259.65 3219.67 3277.6 
3178.69 3234.13 3207.98 3252.5 3259.78 3219.69 3277.73 
15 16 17 18 19 20 21 
3235.67 3247.34 3165.91 3271.86 3217.99 3286.42 3298.2 
3235.12 3247.78 3165.75 3271.23 3218.28 3286.73 3298.02 
3235.13 3247.6 3166.21 3271.65 3218.63 3286.12 3298.69 
22 23 24 25 26 27 28 
3263.96 3306.86 3289.67 3247.58 3283.64 3194.61 3308.05 
3264.87 3306.9 3289.9 3247 3284.5 3194.6 3306.76 
3264.13 3306.27 3289.5 3247.26 3284.45 3194.14 3309 
29 30 31 32 33 34 35 
3219.44 3308.9 3334.78 3277.41 3369 3309.4 3212.03 
3218.69 3308.76 3334.5 3277.63 3369 3309.72 3212.68 
3219.68 3309.02 3334.62 3277.69 3369 3309.9 3212.79 
36 37 38 39 40 41 42 
3243.1 3203.01 3265.74 3224.19 3255.88 3282.52 3286.06 
3243.89 3203.33 3265.39 3224 3255.62 3282.11 3286.92 
3242.88 3202.78 3265.33 3224.34 3255.62 3282.3 3286.66 
43 44 
3286.89 3320.93 
3286.76 3321.13 
3287.68 3320.5 
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Table A3. 46: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 50 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 2 
50 % 
 
1 2 3 4 5 6 7 
3130.51 3116.81 3161.45 3139.14 3204.36 3185.06 3208.57 
3130.26 3117.29 3161.2 3139.03 3204.68 3185.5 3208.42 
3130.12 3116.3 3162.32 3138.67 3204.02 3184.92 3208.11 
8 9 10 11 12 13 14 
3185.46 3249.2 3217.33 3265.17 3280.57 3233.71 3300.05 
3185.28 3249.02 3217.65 3265.72 3280.78 3233.52 3300.63 
3184.13 3249.57 3217.68 3265.29 3280.92 3232.58 3299.87 
15 16 17 18 19 20 21 
3231.8 3246.83 3154.21 3278.05 3218.59 3293.05 3313.37 
3232.2 3247.22 3154.5 3278.59 3218.03 3293.66 3313 
3232.17 3247.28 3154.27 3278.05 3218.13 3293.19 3313.5 
22 23 24 25 26 27 28 
3277.31 3332.01 3315.08 3237.54 3283.55 3176 3315.53 
3277.77 3332.68 3315.08 3237.12 3283.13 3176 3315.78 
3277.73 3331.76 3314.86 3237.28 3283.55 3176.59 3316.23 
29 30 31 32 33 34 35 
3220.93 3316.09 3347.95 3291.78 3379.29 3329.59 3201.62 
3221.13 3315.66 3347.5 3292.65 3378.86 3329.4 3201.39 
3221.16 3316.17 3347.65 3292.02 3379.59 3329.24 3201.37 
36 37 38 39 40 41 42 
3239.98 3183.64 3272.09 3221.97 3261.09 3291.74 3296.94 
3240.13 3183.92 3272.65 3222.64 3261.13 3291.65 3297.12 
3239.68 3183.93 3271.86 3222.54 3261.5 3291.39 3297.33 
43 44 
3302.09 3338.4 
3301.96 3337.92 
3301.68 3338.37 
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Table A3. 47: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 2 at an 
overlap percentage of 55 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 2 
55 % 
 
1 2 3 4 5 6 7 
3148.92 3137.16 3181.25 3155.12 3214.59 3194.15 3222.11 
3148.16 3137.39 3180.91 3155.43 3214.87 3194.83 3221.86 
3147.92 3137.25 3180.54 3155.92 3214.69 3194.22 3222.17 
8 9 10 11 12 13 14 
3194.35 3242.13 3222.69 3262.75 3271.98 3232.67 3286.92 
3194.1 3242.88 3222.17 3263.16 3271.57 3232.14 3286.47 
3193.98 3243.12 3223.1 3263.59 3271.03 3232.34 3286.86 
15 16 17 18 19 20 21 
3241.27 3257.32 3167.09 3280.36 3224.56 3295.5 3309.03 
3241.47 3257.77 3167.64 3280.14 3224.56 3295.86 3309.49 
3240.69 3257.77 3167.29 3280.17 3224.23 3295.13 3309.29 
22 23 24 25 26 27 28 
3273.86 3320 3296.59 3247.59 3284.86 3191.15 3309.5 
3273.53 3320.45 3296.28 3247.64 3284.29 3191.68 3309.78 
3273 3320.99 3296.97 3247.53 3284.5 3191.36 3309.65 
29 30 31 32 33 34 35 
3221.69 3309.78 3337.25 3283.5 3368.95 3314.69 3198 
3222.02 3309.78 3336.81 3283.72 3368.58 3314.13 3198.35 
3222.67 3309.93 3336 3283.06 3368.25 3314.79 3198.67 
36 37 38 39 40 41 42 
3232.95 3194.87 3260.69 3222.66 3252.69 3275.98 3283.12 
3233.04 3194.51 3260.88 3223.01 3252.28 3275.45 3283.58 
3233.78 3194.43 3260.52 3223.68 3252.12 3275.11 3283.79 
43 44 
3276.89 3316.53 
3276.26 3316.76 
3276.84 3316.29 
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Table A3. 48: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 25 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 3 
25 % 
 
1 2 3 4 5 6 7 
2985.96 3002.31 3013.87 3050.46 3066.85 3024.44 3102.3 
2986.12 3002.79 3014.22 3050.69 3067.28 3024.68 3102.59 
2985.39 3003.12 3013.65 3050.87 3065.12 3024.44 3102.3 
8 9 10 11 12 13 14 
3023.12 3102.87 3052.15 3140.03 3126.15 3063.91 3171.06 
3022.87 3102.25 3052.03 3139.78 3126.39 3064.3 3171.65 
3024.44 3102.53 3051.88 3140.59 3126.93 3062.89 3171.43 
15 16 17 18 19 20 21 
3130.95 3142.14 3091.82 3164.18 3135.32 3179.31 3193.86 
3131.65 3142.29 3091.52 3164.19 3135.79 3179.03 3193.23 
3131.09 3142.98 3091.68 3164.79 3135.28 3179.12 3194.87 
22 23 24 25 26 27 28 
3177.87 3206.53 3214.58 3240.5 3232.46 3145.92 3281.27 
3177.23 3206 3214 3240.5 3232.7 3146.12 3281.53 
3177.65 3206.13 3214.92 3240.5 3232.13 3146.11 3282.13 
29 30 31 32 33 34 35 
3166.72 3260.65 3287.57 3222.84 3323.17 3265.97 3224.54 
3166.89 3260.98 3287.98 3222.13 3323.5 3266.21 3244.33 
3166.99 3260.92 3288.62 3222.36 3324.92 3265.3 3224.13 
36 37 38 39 40 41 42 
3261.07 3186.07 3280.17 3199.03 3272.09 3299.14 3271 
3261.13 3185.98 3280.68 3198.69 3272.59 3298.87 3271.29 
3260.99 3185.75 3280.68 3198.65 3272.36 3299.28 3271.59 
43 44 
3303.73 3300.9 
3303.92 3300.65 
3303.88 3300.95 
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Table A3. 49: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 30 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 3 
30 % 
 
1 2 3 4 5 6 7 
2989.93 3007.88 3015.39 3050.59 3068.85 3022.41 3106.16 
2990.65 3007.97 3015.68 3050.59 3068.3 3022.23 3106 
2989.65 3007.98 3015.28 3050.29 3068.29 3022.96 3106.89 
8 9 10 11 12 13 14 
3021.53 3099.15 3050.59 3136.19 3117.58 3054.87 3158.6 
3022.09 3099.29 3050.12 3136.29 3117.99 3054.87 3158.88 
3021.23 3099.3 3050.56 3136.78 3117.89 3053.88 3158.32 
15 16 17 18 19 20 21 
3137.48 3147.83 3098.8 3165.31 3137.71 3177.58 3191.15 
3137.05 3147.52 3098.55 3165.92 3138.13 3177.03 3191.59 
3137.05 3147.62 3099.65 3165.86 3137.29 3177.89 3191.29 
22 23 24 25 26 27 28 
3177.58 3204.22 3207.12 3210.97 3239.42 3157.88 3259.36 
3177.13 3205.68 3207.92 3211.82 3239.13 3157.13 3259.69 
3177.12 3203.76 3207.03 3211.15 3239.59 3157.68 3259.46 
29 30 31 32 33 34 35 
3167.95 3260.18 3284.01 3221.46 3319.38 3256.02 3234 
3167.13 3259.86 3284.28 3221.59 3319.72 3255.82 3234.59 
3167.29 3260.95 3285.65 3221.36 3319.87 3256.87 3234 
36 37 38 39 40 41 42 
3262.77 3190.63 3284.33 3203.11 3275.3 3298.57 3261.09 
3262.95 3190.73 3284.59 3203.11 3275.68 3298.62 3261.25 
3262.89 3190.84 3284.19 3203 3275.1 3298.62 3261.29 
43 44 
3302.74 3295.37 
3302.11 3295.83 
3302.98 3295.68 
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Table A3. 50: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 35 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 3 
35 % 
 
1 2 3 4 5 6 7 
2999.08 3025.58 3013.37 3072.95 3066.93 3010.27 3099.49 
2998.69 3025.34 3013.82 3072.65 3067.83 3010.98 3099.98 
3000 3025.09 3013.68 3073.12 3067.59 3010.27 3099.65 
8 9 10 11 12 13 14 
3010.1 3074.72 3025.44 3111.79 3072.23 3024.58 3113.22 
3010.59 3073.69 3025.06 3111.65 3072.58 3024.12 3113.5 
3010.39 3074.62 3025.78 3111.56 3072.76 3024.67 3114.03 
15 16 17 18 19 20 21 
3146.05 3140.1 3119.06 3149.44 3133.7 3161.86 3162.72 
3146.05 3139.68 3118.67 3149.44 3133.52 3161.76 3162.5 
3145.67 3140.08 3119.29 3149.53 3133.58 3162.13 3162.52 
22 23 24 25 26 27 28 
3153.8 3164.44 3155.95 3220.32 3236.89 3175.23 3244.34 
3153.49 3164.96 3155.29 3220.05 3236.52 3175.65 3244.12 
3153.65 3164.23 3155.87 3220.67 3236.52 3175.69 3244.67 
29 30 31 32 33 34 35 
3165.21 3244.46 3320.57 3196.79 3280.12 3204.19 3245.55 
3165.78 3244.28 3320.36 3196.89 3280.59 3204.68 3245.69 
3165.39 3244.59 3320.93 3196.89 3280.82 3204.36 3245.12 
36 37 38 39 40 41 42 
3259.83 3215.59 3267.79 3201.58 3257.79 3272.01 3242.12 
3259.65 3215.03 3267.59 3201.68 3257.68 3272.68 3242.92 
3259.62 3215.09 3267.26 3201 3257.86 3271.68 3242.68 
43 44 
3265.63 3246.23 
3265.12 3246.58 
3265.53 3248.12 
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Table A3. 51: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 40 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 3 
40 % 
 
1 2 3 4 5 6 7 
2994.68 3016.5 3017.46 3064.73 3069.52 3019.28 3105.04 
2994.79 3016.39 3017.28 3064.87 3069.38 3019.59 3105.68 
2995.65 3016.29 3017.62 3064.53 3069.38 3019.65 3104.87 
8 9 10 11 12 13 14 
3018.93 3090 3039.34 3125.73 3099.38 3046.14 3143.92 
3018.65 3090.28 3039.87 3125.5 3099.48 3046.29 3144.65 
3019.39 3089.67 3039.68 3125.69 3098.67 3046.99 3143.58 
15 16 17 18 19 20 21 
3144.26 3142.73 3110.89 3158.83 3137.48 3170.65 3181.01 
3144.68 3142.65 3111.62 3158.33 3137.85 3170.29 3180.65 
3144.12 3142.58 3110.65 3158.69 3137.26 3171.13 3180.92 
22 23 24 25 26 27 28 
3167.13 3184.35 3183.28 3214.75 3241.6 3170.21 3255.39 
3167 3184.68 3184.05 3214.39 3241.59 3170.69 3255.95 
3167.53 3184.78 3183.76 3214.56 3241.73 3170 3255.48 
29 30 31 32 33 34 35 
3171.32 3255.72 3274.17 3214.2 3303.13 3236.64 3241.79 
3171.68 3255.26 3274.59 3214.5 3303.25 3236.43 3241.62 
3171.89 3255.48 3274.68 3214.59 3303.89 3236.43 3241.13 
36 37 38 39 40 41 42 
3265.08 3206.52 3280.23 3208.42 3270.19 3291 3257.87 
3265.12 3206.96 3280.58 3208.69 3270.12 3290.67 3257.65 
3265.38 3206.52 3280.69 3208.69 3270.68 3292.03 3258.65 
43 44 
3288.69 3277.45 
3288.79 3277.76 
3288.79 3277.24 
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Table A3. 52: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 45 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 3 
45 % 
 
1 2 3 4 5 6 7 
2988.8 3008.3 3017.19 3054.48 3071.43 3021.43 3104.59 
2989.62 3008.76 3017.69 3054.65 3071.29 3021.53 3104.39 
2989.53 3008.29 3017.27 3054.29 3071.68 3021.28 3104.36 
8 9 10 11 12 13 14 
3021.85 3092.29 3045.45 3136.33 3114.02 3052.46 3150.92 
3021.64 3092.46 3045.68 3136.28 3114.68 3052.68 3151.68 
3021.59 3092.32 3045.85 3136.12 3114.67 3053.6 3151.65 
15 16 17 18 19 20 21 
3141.93 3143.7 3099.2 3162.58 3137.02 3176.02 3188.59 
3141.68 3143.42 3099.56 3162.89 3137.28 3176.28 3185.65 
3142.06 3144.12 3099.12 3162.79 3137.53 3176.64 3188.62 
22 23 24 25 26 27 28 
3179.57 3197.38 3196.4 3214.44 3243.85 3158.99 3262.21 
3179.83 3197.12 3197.28 3214.69 3242.23 3159.65 3262.98 
3179.14 3197.43 3196.68 3214.28 3244.62 3159.12 3262.12 
29 30 31 32 33 34 35 
3169.54 3262.04 3281.58 3224.08 3314.7 3249.99 3234.08 
3169.28 3262.37 3281.32 3224.53 3314.52 3249.47 3233.68 
3169.23 3262.64 3281.37 3224.76 3314.29 3250.6 3233.65 
36 37 38 39 40 41 42 
3262.67 3195.32 3280.9 3205.75 3272.74 3297 3262.55 
3262.89 3195 3280.98 3205.53 3272.65 3297 3262.39 
3262.43 3195.28 3280.68 3205.5 3272.65 3298.02 3262.27 
43 44 
3295.72 3289.1 
3295.68 3289.73 
3295.28 3289.83 
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Table A3. 53: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 50 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 3 
50% 
 
1 2 3 4 5 6 7 
2979.76 2991.04 3003.16 3042.87 3056.14 3011.43 3102.16 
2980.62 2991.68 3004.05 3042.28 3056.89 3011.43 3102.68 
2980.65 2990.67 3003.16 3042.53 3056.89 3011.29 3103.09 
8 9 10 11 12 13 14 
3011.41 3088.28 3032.63 3136.34 3100.17 3043.45 3147.53 
3011.43 3088.79 3033.12 3136.49 3100.68 3044.22 3147.32 
3011.3 3088.59 3032.98 3137.03 3100.5 3043.68 3147.97 
15 16 17 18 19 20 21 
3141.93 3143.7 3099.2 3162.58 3137.02 3176.02 3188.59 
3141.68 3143.42 3099.56 3162.89 3137.28 3176.28 3185.65 
3142.06 3144.12 3099.12 3162.79 3137.53 3176.64 3188.62 
22 23 24 25 26 27 28 
3134.4 3140.46 3087.17 3158.74 3139.28 3173.74 3185.45 
3134.03 3140.26 3087.13 3158.18 3139.08 3173 3185.68 
3135.29 3140.59 3087 3158.62 3138.67 3173.58 3185.63 
29 30 31 32 33 34 35 
3177.87 3186.57 3190.53 3199.51 3240.29 3142.11 3265.79 
3177.5 3186.13 3190.42 3199.87 3241.53 3142.06 3265.89 
3178.62 3186.29 3190.53 3198.78 3240.09 3142 3265.5 
36 37 38 39 40 41 42 
3166.48 3264.76 3285.14 3220.84 3316.4 3242.19 3221.75 
3166.29 3265.27 3285.02 3220.65 3316.12 3242.5 3221.33 
3166.86 3265.29 3285.48 3220.52 3316.4 3242.47 3221.16 
43 44 
3252.98 3176.72 
3252.65 3176.64 
3252.65 3176.83 
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Table A3. 54: Triplicate measurements taken using a 100 mm macro lens for determining 
optimum overlap percentage. These measurements were taken from the camera set-up 3 at an 
overlap percentage of 55 %. The following measurements were recorded in pixels. 
Overlap Triplicate Measurements – 100 mm – Set-up 3 
55% 
 
1 2 3 4 5 6 7 
2988.85 3006.85 3005.09 3047.61 3059.58 3007.43 3092.02 
2989.65 3007.29 3004.78 3047.59 3059.36 3006.87 3092.68 
2989.28 3006.29 3005.27 3047.26 3059.27 3007.07 3092.37 
8 9 10 11 12 13 14 
3006.12 3085.6 3039.01 3124.61 3114.28 3075.3 3155.32 
3006.65 3085.29 3038.73 3124.79 3114.67 3075.46 3155.67 
3006.89 3086.29 3039.68 3124.07 3114.58 3075.68 3155.89 
15 16 17 18 19 20 21 
3127.42 3130.4 3093.5 3148.01 3123.71 3161.85 3172.01 
3127.98 3130.77 3093.26 3148.89 3123.5 3161.26 3171.69 
3127.09 3130.87 3093.5 3148.65 3123.52 3161.52 3172.65 
22 23 24 25 26 27 28 
3161.4 3182.39 3199.95 3201.82 3233.11 3148.88 3242.47 
3161.22 3187.03 3199.86 3201.65 3233.47 3148.29 3242.65 
3161.87 3187.26 3200.6 3201.47 3233.57 3148.62 3242.5 
29 30 31 32 33 34 35 
3158.99 3242.59 3266.45 3207.26 3307.79 3251.66 3234.62 
3158.69 3242.65 3266.87 3207.58 3307.48 3252.12 3234.12 
3159.6 3242.43 3266.12 3207.46 3307.29 3251.82 3234.29 
36 37 38 39 40 41 42 
3257.34 3195.16 3270.34 3198.08 3261.03 3292.75 3258.75 
3257.03 3195.16 3270.69 3199 3261.53 3292.36 3258.26 
3257.16 3195.28 3270.69 3198.65 3261.93 3292.59 3258.65 
43 44 
3304.42 3297.6 
3304.68 3297.28 
3304.28 3297.43 
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 Data collected for ANOVA calculations for 
determining optimum overlap percentage 
 
Table A4. 1: One-way ANOVA (50 mm macro lens): Pixel measurements vs Overlap 
percentage. 
Source DF Adj SS Adj MS F-Value P-Value 
Overlap 10 53157 5316 1.55 0.116 
Error 1441 4935746 3425     
Total 1451 4988903       
 
Table A4. 2: One-way ANOVA (50 mm macro lens): Pixel measurements vs GigaPan® set-up. 
Source DF Adj SS Adj MS F-Value P-Value 
Grid: 2 2547779 1273890 756.15 0.001 
Error 1449 2441124 1685     
Total 1451 4988903       
 
 
Table A4. 3: One-way ANOVA (100 mm macro lens): Pixel measurements vs Overlap 
percentage.  
Source  DF Adj SS Adj MS F-Value P-Value 
Overlap  6 8924 1487 0.14 0.991 
Error  917 9975989 10879     
Total  923 9984913 
 
    
 
Table A4. 4: One-way ANOVA (100 mm macro lens): Pixel measurements vs GigaPan® set-
up. 
Source DF Adj SS Adj MS F-Value P-Value 
Grid 2 4547134 2273567 385.08 0.001 
Error 921 5437779 5904     
Total 923 9984913  
  
    
 
  Appendices  
 
160 
 
 Raw measurements taken for evaluating the picture 
order setting  
Table A5. 1: Raw measurements taken of the panoramic images established with each of the 
picture order setting with a 50 mm macro lens. The following measurements were recorded 
in pixels. 
Measurement 1 2 3 4 5 6 7 
Col-left 1477.34 1494.37 1493.06 1519.01 1521 1498.21 1544 
Col-right 1484.81 1500.66 1499.28 1520.52 1524.17 1500.73 1539.84 
Row-up 1479.65 1490.33 1492.27 1517.86 1521.83 1492.71 1544.85 
Row-down 1483.69 1489.68 1495.29 1517.68 1522.66 1500.89 1538 
Measurement 8 9 10 11 12 13 14 
Col-left 1497.7 1540.71 1510.53 1559.52 1541.67 1513.07 1567.51 
Col-right 1499.89 1536.17 1512.34 1553.85 1546.66 1517.85 1565.68 
Row-up 1496.38 1535 1512.53 1556.71 1545.73 1511.41 1551.21 
Row-down 1499.73 1540.01 1514 1559.01 1550.66 1519.77 1576.35 
Measurement 15 16 17 18 19 20 21 
Col-left 1553.63 1561.02 1534.73 1572.91 1560.08 1579.07 1584.84 
Col-right 1559.91 1560.14 1542.85 1566.73 1558.89 1573.72 1578.84 
Row-up 1562.69 1566.07 1545.84 1573.09 1563.89 1579.91 1579.84 
Row-down 1555.63 1562.19 1536.72 1572.89 1559.57 1579.22 1586.18 
Measurement 22 23 24 25 26 27 28 
Col-left 1583.56 1594.96 1592.75 1599.88 1611.36 1562.55 1622.6 
Col-right 1575.05 1585.54 1586.23 1593.13 1607.05 1572.83 1615.92 
Row-up 1578.72 1583 1582.54 1600.06 1614.17 1569.98 1621.27 
Row-down 1581.05 1591.72 1595.89 1597.07 1610.2 1568.22 1621.26 
Measurement 29 30 31 32 33 34 35 
Col-left 1576.58 1623.43 1634.84 1605.88 1650.44 1616.99 1602.86 
Col-right 1574.01 1615.91 1627.51 1595.84 1641.49 1612.95 1610.23 
Row-up 1577.82 1621.76 1628.67 1600.29 1642.89 1601.53 1606.96 
Row-down 1576.05 1622.24 1634.01 1602.56 1653.71 1625.65 1608.32 
Measurement 36 37 38 39 40 41 42 
Col-left 1622.04 1579.66 1632.92 1594.48 1628.07 1641.5 1624.8 
Col-right 1621.77 1593.38 1628.78 1591.14 1624.76 1637.34 1620.04 
Row-up 1621.16 1586.42 1629.1 1592.46 1624.4 1635 1616.4 
Row-down 1623.61 1588.05 1634.77 1593.79 1630.27 1643.84 1626.69 
Measurement 43 44 
Col-left 1640.12 1636.82 
Col-right 1639.22 1635.66 
Row-up 1635.1 1628.95 
Row-down 1648.52 1642.06 
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Table A5. 2: Raw measurements (cm) taken of the panoramic images established with each of 
the picture order setting with a 100 mm macro lens. The following measurements were 
recorded in pixels. 
Measurement 1 2 3 4 5 6 7 
Col-left 2979.8 3002.08 3005.87 3051.42 3067.63 3015.21 3101.83 
Col-right 2975.38 2993.37 3001.39 3044.42 3058.74 3010.71 3091.92 
Row-up 2966.48 2985.63 2991.87 3038.12 3052.35 3003.09 3090.84 
Row-down 2978.23 3007.12 3000.38 3053.4 3060.33 3005.4 3099.94 
Measurement 8 9 10 11 12 13 14 
Col-left 3013.41 3100.32 3041.17 3143.55 3122.46 3053.06 3172.01 
Col-right 3010.07 3093.79 3041.26 3136.64 3116.93 3052.93 3163.64 
Row-up 3002.29 3087.87 3030.09 3130.57 3109.65 3042.98 3163.68 
Row-down 3003.44 3082.17 3025.46 3128.34 3109.65 3039.17 3149.99 
Measurement 15 16 17 18 19 20 21 
Col-left 3137.4 3145.37 3101.14 3169.23 3138.4 3183.91 3197.58 
Col-right 3124.88 3137.05 3090.61 3160.03 3131.71 3173.54 3185.88 
Row-up 3125.21 3137.07 3086.66 3159.07 3137.25 3171.76 3187.46 
Row-down 3138.41 3142.55 3106.51 3158.92 3142.43 3172.25 3180.43 
Measurement 22 23 24 25 26 27 28 
Col-left 3192.09 3209.07 3218.07 3222.56 3253.08 3162.5 3277.05 
Col-right 3177.22 3199.47 3213.38 3208.16 3239.23 3151.17 3263.86 
Row-up 3174.92 3200.26 3212.58 3211.57 3243.21 3148.83 3267.88 
Row-down 3174.44 3189.65 3198.91 3223.58 3249.87 3160.67 3267.38 
Measurement 29 30 31 32 33 34 35 
Col-left 3183 3277.39 3300.91 3242 3336.04 3277.02 3257.57 
Col-right 3160.84 3264.37 3290.82 3224.84 3324.69 3265.86 3245.6 
Row-up 3170.5 3267.9 3294.98 3227.16 3327.55 3270 3245.17 
Row-down 3176.17 3268.39 3290.07 3223.17 3316.68 3258.83 3259.92 
Measurement 36 37 38 39 40 41 42 
Col-left 3289.75 3209.68 3311.05 3222.91 3302.25 3331.37 3287.11 
Col-right 3272.26 3194.94 3293.03 3204.13 3285.54 3310.11 3274.15 
Row-up 3279.23 3191.54 3302.38 3212.6 3293.89 3322.29 3280.79 
Row-down 3287.09 3206.57 3304.88 3219.01 3296.24 3316.09 3271.03 
Measurement 43 44 
Col-left 3334.23 3322.19 
Col-right 3315.37 3310.38 
Row-up 3327.6 3316.19 
Row-down 3316.43 3301.33 
  Appendices  
 
162 
 
 Raw measurements taken for evaluating the 
perspective warp tool (Triangulation Method). 
 
Table A6. 1: Triangulation measurements (cm) taken physically of the test target grid and 
their averages for repeats 1,2 & 3. Refer to Figure 2.8 for diagram explaining measurements 
A & B. 
Ground Truth Triangulation measurements (cm)  
 Measurement A  Measurement B    
Grid r1 r2 r3 r1 r2 r3 Average A Average B 
1 40.8 40.7 40.5 39.5 39.4 39.9 40.67 39.60 
4 39.8 39.6 39.6 41 41.1 40.5 39.67 40.87 
6 37.5 37.1 37.1 41 41.4 41.4 37.23 41.27 
7 37 37 37 41 41.2 41.3 37.00 41.17 
10 38.5 38.7 38.8 42 42.4 42.4 38.67 42.27 
11 38.7 38.6 38.5 40 39.8 39.9 38.60 39.90 
13 35.5 35.6 35.9 43 43.1 43.2 35.67 43.10 
16 38.5 38.5 38.4 41.8 41.4 41.5 38.47 41.57 
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Table A6. 2: Triangulation measurements taken digitally of the test target grid for both the 
50 mm macro lens and the 100 mm macro lens and the difference between them and the 
ground truth measurements. Refer to Figure 2.8 for diagram explaining measurements A & 
B. 
 
Original Stitched 
Panorama 
 
Triangulation Measurements (cm) 
50 mm macro 100 mm macro 
A B A B 
Grid 
1 38.48 38.6 37.79 38.42 
4 39.17 40.33 39.18 40.33 
6 36.18 41.2 36.06 41.27 
7 36.62 41.12 36.7 41.22 
10 38.69 43.05 38.6 42.95 
11 38.85 40.52 39.06 40.77 
13 35.96 44.69 35.88 44.43 
16 40.67 43.18 40.85 43.41 
Difference 
between stitched 
image and 
average ground 
truth 
measurement  
1 2.19 39.06 2.88 1.18 
4 0.5 0.54 0.49 0.54 
6 1.05 0.07 1.17 0 
7 0.38 0.05 0.3 -0.05 
10 -0.02 -0.78 0.07 -0.68 
11 -0.25 -0.62 -0.46 -0.87 
13 -0.29 -1.59 -0.21 -1.33 
16 -2.2 -1.61 -2.38 -1.84 
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Table A6. 3: Measurements taken digitally of the markers located on the test target grid for 
both the 50 mm macro lens and the 100 mm macro lens and the difference between them and 
the ground truth measurements. Refer to Figure 2.8 for diagram explaining measurements X 
& Y.  
 
Original Stitched 
Panorama 
 
Marker Measurements (mm) 
50 mm macro 100 mm macro 
X Y X Y 
Grid 
1 13.18 13.19 13.18 13.29 
4 13.55 13.23 13.68 13.33 
6 13.11 13.49 13.46 13.49 
7 13.43 13.62 13.68 13.62 
10 13.68 14 13.64 14.62 
11 13.74 13.81 13.74 14.06 
13 13.68 14.19 13.68 14.19 
16 14.06 14.51 14.37 14.62 
Difference 
between stitched 
image and 
ground truth 
measurement (14 
mm) 
1 0.82 0.81 0.82 0.71 
4 0.45 0.77 0.32 0.67 
6 0.89 0.51 0.54 0.51 
7 0.57 0.38 0.32 0.38 
10 0.32 0 0.36 -0.62 
11 0.26 0.19 0.26 -0.06 
13 0.32 -0.19 0.32 -0.19 
16 -0.06 -0.51 -0.37 -0.62 
 
 
 
 
 
Table A6. 4: Triangulation measurements taken digitally of the test target grid for both the 
50 mm macro lens and the 100 mm macro lens and the difference between them and the 
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ground truth measurements. These measurements were taken after the application of the 
perspective warp tool. Refer to Figure 2.8 for diagram explaining measurements A & B. 
 
Warped Stitched 
Panorama 
 
Triangulation Measurements (cm) 
50 mm macro 100 mm macro 
A B A B 
Grid 
1 40.93 39.58 40.78 39.58 
4 39.85 40.95 39.97 41.05 
6 37.36 41.31 37.33 41.33 
7 37.17 41.29 37.31 41.29 
10 38.97 42.56 38.72 42.49 
11 38.5 39.97 38.66 40.16 
13 35.91 43.56 35.84 43.25 
16 38.77 41.77 38.67 41.86 
Difference 
between stitched 
image and 
average ground 
truth 
measurement 
1 -0.26 0.02 -0.11 0.02 
4 -0.18 -0.08 -0.3 -0.18 
6 -0.13 -0.04 -0.1 -0.06 
7 -0.17 -0.12 -0.31 -0.12 
10 -0.3 -0.29 -0.05 -0.22 
11 0.1 -0.07 -0.06 -0.26 
13 -0.24 -0.46 -0.17 -0.15 
16 -0.3 -0.2 -0.2 -0.29 
 
 
 
 
 
 
Table A6. 5: Measurements taken digitally of the markers located on the test target grid for 
both the 50 mm macro lens and the 100 mm macro lens and the difference between them and 
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the ground truth measurements. These measurements were taken after the application of the 
perspective warp tool. Refer to Figure 2.8 for diagram explaining measurements X & Y.  
 
Warped Stitched 
Panorama 
 
Marker Measurements (mm) 
50 mm macro 100 mm macro 
X Y X Y 
Grid 
1 13.49 13.62 13.48 13.59 
4 13.61 13.61 13.71 13.54 
6 13.42 13.8 13.45 13.54 
7 13.55 13.93 13.66 13.61 
10 13.68 13.96 13.71 14.16 
11 13.79 13.8 13.8 13.95 
13 13.8 13.84 13.68 13.83 
16 13.87 13.8 13.64 13.64 
Difference 
between stitched 
image and 
ground truth 
measurement (14 
mm)  
1 0.51 0.38 0.52 0.41 
4 0.39 0.39 0.29 0.46 
6 0.58 0.2 0.55 0.46 
7 0.45 0.07 0.34 0.39 
10 0.32 0.04 0.29 -0.16 
11 0.21 0.2 0.2 0.05 
13 0.2 0.16 0.32 0.17 
16 0.13 0.2 0.36 0.36 
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 Blood Spatter Trials – Angle of Impacts  
Table A7. 1: Angles of impact calculated from the digital and physical measurements taken of 
the blood droplets selected in Trial 1. 
Trial 1 Angle of Impact 
Blood Droplet Stitched Image (°) Ground Truth (°) 
1 19.47 19.47 
2 21.33 19.51 
3 23.58 31.07 
4 24.08 26.39 
5 40.16 35.55 
6 27.22 23.71 
7 26.39 26.66 
8 23.58 23.58 
9 26.92 24.95 
10 23.58 18.20 
11 21.777 20.17 
12 19.47 17.46 
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Table A7. 2: Angles of impact calculated from the digital and physical measurements taken of 
the blood droplets selected in Trial 2. 
Trial 2 Angle of Impact 
Blood Droplet Stitched Image (°) Ground Truth (°) 
1 15.89 15.19 
2 23.58 23.58 
3 19.47 19.47 
4 25.38 25.38 
5 30.00 30.00 
6 37.17 30.08 
7 27.86 25.72 
8 21.78 21.78 
9 19.47 19.47 
10 14.48 13.93 
 
Table A7. 3: Angles of impact calculated from the digital and physical measurements taken of 
the blood droplets selected in Trial 3. 
Trial 3 Angle of Impact 
Blood Droplet Stitched Image (°) Ground Truth (°) 
1 30.00 30.00 
2 32.29 36.87 
3 33.23 33.23 
4 41.81 43.94 
5 32.44 36.87 
6 32.44 40.78 
7 41.81 39.49 
8 48.10 42.75 
9 30.00 32.29 
10 33.99 35.61 
11 23.58 25.72 
12 23.58 25.72 
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Table A7. 4: Angles of impact calculated from the digital and physical measurements taken of 
the blood droplets selected in Trial 4. 
Trial 4 Angle of Impact 
Blood Droplet Stitched Image (°) Ground Truth (°) 
1 13.49 12.52 
2 20.84 20.84 
3 19.47 19.47 
4 19.47 21.44 
5 30.00 25.72 
6 20.48 21.33 
7 23.14 22.02 
8 30.00 30.00 
9 19.51 21.17 
10 15.19 16.45 
11 24.24 22.62 
 
 
  Appendices  
 
170 
 
 Blood Spatter Trials – AO Measurements (cm) 
Table A8. 1: Area of origin (AO) measurements determined for Trials 1-4. 
 
AO (cm) 
Coordinate  
X 
Coordinate  
Y 
Coordinate  
Z 
Trial 1 
Known  170.5 69 37 
Stitched Image  192 49.5 40.5 
Ground Truth  189.5 51.5 39 
Trial 2 
Original 162 69 35 
Stitched Image 169.75 80.75 31.25 
Ground Truth 169.75 81.25 30.75 
Trial 3 
Original 98 69 34 
Stitched Image 107.5 75.75 34.5 
Ground Truth 107.5 75 34 
Trial 4 
Original 212 69 32 
Stitched Image 217.25 74.25 34.75 
Ground Truth 216.5 75.25 34 
 
 
